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ABSTRACT
Limited water resources and a rapidly growing population combine to present 
water resource managers in southern Nevada with a need to identify alternative water 
sources. Although high in salts, there are two potential sources of water available to 
augment the current supply, shallow ground water and surface (wash) water. A study was 
conducted at Desert Rose Golf Course to determine the feasibility of using one of these 
alternative water sources for large-scale turf irrigation.
The results of the study indicate that shallow ground water is not a feasible option 
at this site due to the low yields of the aquifer and the resulting high cost of well 
installation. Wash water, on the other hand, offers a promising option. Using wash 
water, blended with reuse water from the wastewater treatment plant, would meet all the 
water quality parameters of the plant species at the golf course and those required by 
Nevada state regulations.
Ill
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CHAPTER I 
INTRODUCTION
Since its founding as a permanent settlement by Morman missionaries in 1855, 
Las Vegas Valley, Nevada (Valley) has grown from a population of 30 people to more 
than 1 million in 1996. During the ten year period from 1980 to 1990, the Las Vegas 
area grew by 62%, making the region one of the fastest growing in the United States 
(Healy, 1994). With more than 1,000 people per week continuing to move into the 
area, it is anticipated that the population will exceed 2 million by the year 2030 (Potts, 
1996). Figure 1 shows the projected population growth in the Las Vegas area for the 
next several decades. One issue facing water purveyors in the Valley is how to meet 
the water needs of the growing Las Vegas population, especially in the hot summer 
months, when the distribution system is operating at maximum capacity to meet high 
residential and commercial demands. Much of the peak demand is for the outdoor 
irrigation of ornamental landscape like turf, shrubs, and trees.
Water supply for the Valley is from two sources: ground water from the Valley 
aquifer and surface water from the Colorado River. The ground-water supply available 
to municipal water purveyors in southern Nevada is essentially fixed (approximately
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45,000 acre-feet per year) through controls imposed by the Nevada State Engineer 
according to Nevada Revised Statute 534.120. The importance of defining new water 
resources is reinforced by the fact that the ground-water basin has been overdrafted for 
decades. This has resulted in the basin’s designation by the State Engineer as a closed 
basin, which does not allow any additional ground-water allotments. In addition, the 
State of Nevada is allocated 300,000 acre-feet of Colorado River water per year of 
consumptive use based on Section 4(a) of the Boulder Canyon Project Act of December 
21, 1928, (45 Stat. 1057). Consumptive use is defined as the amount of water diverted 
from the Colorado River minus return flows. Therefore, by returning reclaimed water 
(renim flow) to Lake Mead, via Las Vegas Wash, Nevada receives credit for the 
portion of the return flow that is of Colorado River origin. This enables the state to 
withdraw additional water from the river, over and above the apportioned 3(X),(XX) 
acre-feet per year. Only southern Nevada, primarily the Las Vegas region, utilizes the 
state’s Colorado River allocation. Although Section 4(a), which apportioned the 
Colorado River amongst California, Arizona, and Nevada was negotiated in 1928, it 
was the United States Supreme Court Decision in Arizona v. California. 396 U.S. 340 
(March 9, 1964) (Nathanson, 1978), that confirmed those rights and authorized the 
Secretary of the Interior to enforce the apportionment.
The Colorado River apportionment, the primary source of the existing potable 
water supply, is projected to be fully utilized by about 2010 (Southern Nevada Water 
Authority, 1996). The escalating water-supply requirements that accompany the 
growing Las Vegas population have led to the question, "What are the alternatives for 
augmenting the future water supply?"
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In 1994, the Southern Nevada Water Authority (SNWA) began an integrated 
resource planning process, which included examining water-supply augmentation 
options available to southern Nevada. A citizen’s advisory committee was formed to 
provide public input to the process. One of the recommendations of the committee, 
adopted by the SNWA Board of Directors in June 1995, was the further investigation 
of water sources that are available in the Valley but have not been utilized because of 
poor water quality (Southern Nevada Water Authority, 1996).
Potential resources include surface water from washes tributary to Las Vegas 
Wash in the central and southeast part of Las Vegas Valley Hydrographic Basin, and 
shallow ground water. While these supplies consist of non-potable water high in total 
dissolved solids (high salinity), they may represent a suitable source of irrigation water 
for large-turf areas such as golf courses, schools, and parks. Currently, a sizeable 
portion of the turf irrigation needs in the Valley are met by the potable water supply.
Of the total amount of potable water used in the service area of the Las Vegas Valley 
Water District (LWW D), the largest water purveyor in southern Nevada, about 
20,(XX) acre-feet per year, or almost 10% is applied to non-residential turf areas such 
as golf courses and parks (Fortier, 1996).
The purpose of this research is to conduct a feasibility study at one potential 
site. Desert Rose Golf Course, and determine the applicability of using a non-potable 
water source for large-scale turf irrigation. The results of a successful study would 
then allow for the development of a model that could be employed at other large-turfed 
sites throughout the Valley to determine the potential of using an alternative water 
source to help relieve the demand on the potable water system.
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Objectives
In order to determine the feasibility of using an alternative water source for 
large-scale turf irrigation at Desert Rose Golf Course there were several objectives 
including:
1) Evaluate the resource characteristics, including water quality and 
quantity, of using low quality water (high salinity) for the irrigation of 
turfgrass at Desert Rose Golf Course.
2) Design an appropriate diversion system to direct water from a nearby 
wash or from the shallow aquifer into the irrigation pond.
3) Investigate associated water-right issues and Nevada state irrigation 
regulations.
4) Employ a cost analysis to determine the economic feasibility of 
converting from the current irrigation system to one utilizing an 
alternative water source.
Background
Las Vegas Valley Hydrographic Basin is located in Clark County which is in 
the southern part of Nevada. The Las Vegas metropolitan area encompasses 
approximately 250 square miles in the southeast part of the Valley (Figure 2).
The rapidly increasing population in the Las Vegas Valley has had a dramatic 
effect on water resources and hydrologie conditions within the Valley. Prior to 
development, the shallow aquifer existed in an area created by spring discharge and
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7
upward leakage from the artesian aquifers. Continued population growth and the 
subsequent over-irrigation of landscapes has resulted in the shallow aquifer increasing 
in size. Wild (1990) indicates water levels in the shallow system have risen two to five 
meters in parts of the Valley during the twenty-year period from 1970 to 1990.
The contribution of shallow ground water to the previously ephemeral washes, 
in combination with direct run-off from over-irrigation and the dewatering of 
construction sites, resulted in the development of perennial flow in the major tributaries 
to Las Vegas Wash.
Shallow ground water and wash water has traditionally been viewed as a 
nuisance in the Valley. Occasionally there is an unpleasant odor, usually the result of 
organic decay, that emanates from the washes. The vegetative growth is also a hazard 
because it restricts flood flows along the natural sections of the channels, presents 
safety concerns, and is not aesthetically pleasing. For these reasons, excessive 
vegetative growth along the natural sections of the channels is occasionally removed.
Shallow ground water creates geologic hazards in some parts of the Valley by 
foundation degradation, soil compaction, and dissolution of minerals in soils. As a 
result, in 1987, Nevada water law (NRS 534.025) was revised to allow for utilization 
of the shallow aquifer system for beneficial use when the ground water creates a 
geologic hazard. Additionally, since both shallow ground water and surface water exit 
Las Vegas Valley via Las Vegas Wash, which discharges into Lake Mead, there is a 
concern that increased salinity loading and the potential for pollutant transport may 
present a water- quality problem in Lake Mead in the future.
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Las Vegas Valley is drained at its southeast end by Las Vegas Wash. Most 
tributaries are small natural or concrete-lined channels that contribute flow to the three 
larger drainages discharging directly into Las Vegas Wash in the southeast part of the 
Valley. The larger channels include Las Vegas Creek, Flamingo Wash, and Duck 
Creek. Tertiary treated sewage effluent is also discharged into Las Vegas Wash in the 
far southeast part of the Valley. Approximately five miles from where Las Vegas 
Wash exits the Valley (in the southeast part of the Valley), the wash discharges into 
Lake Mead.
Malmberg (1965) reported that the discharge into Lake Mead in 1955 ranged 
from one to nine cubic feet per second (cfs), depending upon the season. The United 
States Geological Survey (USGS) currently collects flow data from several points along 
the wash channels in the Valley. One data collection site is Three Kids Gauge, the 
official monitoring point on Las Vegas Wash prior to discharge into Lake Mead. For 
water year 1994 (October 1, 1993 to September 30, 1994), the total discharge into 
Lake Mead was 131,100 acre-feet, which averages 181 cfs (Clary, et al, 1995).
The discharge from Las Vegas Wash to Lake Mead is important to the overall 
water resource supply of the Valley. Nevada is able to supplement the 300,0(X) acre- 
feet per year allotted through the Colorado River Compact of 1928 with what is known 
as return flow credits. The calculation of return flow credits allows Nevada to receive 
“credit” for Colorado River water discharged to Lake Mead. Therefore, any action 
that depletes the flow of Las Vegas Wash may reduce the amount of return flow credits 
the state of Nevada receives. While Nevada currently is not utilizing all of its return 
flow credits, the use of return flows will play a significant role in the overall water
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resource plan for southern Nevada in the very near future (Southern Nevada Water 
Authority, 1996).
While previous investigations (Brothers and Katzer, 1988) have suggested the 
potential for using shallow ground water or wash water for large-scale turf irrigation in 
order to augment the potable supply, no sites currently use these sources. These 
resources have not been used primarily because the water is considered low quality 
(high in soluble salts), and was not considered appropriate for any direct use including 
large-scale turf irrigation.
Alleviating the high salinity concern is possible by bringing the soluble salt 
concentration (as measured by electrical conductivity) to within an acceptable range 
based on the desired use of the water. This can be done through the blending of low- 
quality wash water or shallow ground water with water of higher quality (potable or 
reuse water). Demonstration projects blending low-quality water with one of higher 
quality have been conducted in the Las Vegas area by Dean, et al (1996) and have 
shown promising results. One report concluded that if proper irrigation practices were 
used, water with a salinity level of up to 6,(X)0 umhos/cm could be used as a 
supplemental irrigation source for tall fescue and bermudagrass (Dean, et al, 1996)
Study Area
Desert Rose Golf Course (DRGC) is an 18-hole golf course, plus driving range, 
located on approximately 145 irrigated acres. The site has served as a golf course for 
more than 30 years. It is a public course owned by Clark County and operated under a 
20-year management contract with Golf Enterprises, Inc. The current contract expires
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in 2004, and the management company has two five-year options to renew the contract 
(Goldstein, 1996). The course sits on an irregularly-shaped property located in the 
southeast part of the Valley, and is bounded roughly on the north by Charleston, on the 
west by Nellis, on the east by Stephanie, and on the south by Vegas Valley. Flamingo 
Wash and Las Vegas Wash flow through the golf course. The confluence of Flamingo 
Wash into Las Vegas Wash occurs in the southeast part of DRGC (Figure 3).
The primary source of irrigation water at Desert Rose is tertiary-treated 
wastewater (reuse water) from the Clark County Sanitation District. Potable water is 
used as a secondary source on sensitive areas like the greens. It appears the use of 
reuse water may have led to elevated levels of nitrates in the shallow ground-water 
system (from direct application of reuse water and from leakage from the storage 
pond), to the decreased efficiency of sprinkler heads due to algal growth, and to the 
growth of fungus on the greens (Rincon, 1995). Table 1 lists the major ion chemistry 
of the reuse water used at DRGC. The course is irrigated using a Rainbird-(brand) 
spray irrigation system with pop-up heads. In order to decrease the threat of increased 
nitrate contribution to the groundwater from the irrigation pond, the Nevada Division 
of Environmental Protection required that the pond be lined. The lining was completed 
during the spring of 1996.
In a 1991 cooperative agreement among the seven regional water and 
wastewater agencies, which comprise the Southern Nevada Water Authority (Big Bend 
Water District, City of Boulder City, Clark County Sanitation District, City of 
Henderson, City of Las Vegas, Las Vegas Valley Water District, and City of North 
Las Vegas), a “cap” of 21,800 acre-feet per year was placed on the amount of reuse
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water that can be utilized. This was done in order to safeguard the region’s Colorado 
River supplies, which depend upon return flow credits generated from treated effluent 
returned to the Colorado River. Reuse quantities can be greater than 21,800, but the 
amount of Colorado River supplies available to the region’s water purveyors could be 
affected.
Table 1.-W ater quality of irrigation (reuse) water used at DRGC (sample 
collected 9/15/94).
neld field field lab SIOï HCOj CO,:. Cl S O /
pH temp
•c
EC
umhos/cm
EC mg/I mg/1 mg/I mg/I mg/I
7.38 25.2 1940 1930 11.1 51.0 0 256 540
N O , Na^ K* Ca:* Mg:» NO,-N TDS B NO,-N
mg/I mg/I mg/I mg/I mg/I mg/I mg/I mg/I mg/I
1.68 199 18.2 103 39.4 0.38 1230 0.37 0.12
NH, -N 
mg/I
TKN-N
mg/I
Coliform, Total 
MPN/lOOmI
Coliform, Fecal 
MPN/lOOmI
Adjusted Sodium 
Adsorption Ratio
16,7 19.0 <2 <2 6.8
This finite supply means that not every entity wishing to irrigate with reuse 
water has that option, therefore potable water must be used. Desert Rose Golf Course 
is one of the entities currently using reuse water. If an alternative water source was
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available to DRGC, it would make DRGC’s allotment of reuse water available to other 
users that currently purchase potable water, thereby decreasing the demand on the 
potable water supply. The quantity of water used for irrigation at Desert Rose varies 
throughout the year. Conditions such as ambient air temperature, amount of 
precipitation, and wind velocity all contribute to the atmospheric demand when 
determining turfgrass irrigation requirements. In the cooler winter months, primarily 
December and January, the course requires approximately 150,000 to 400,000 gallons 
of water per day (including reuse and potable water). As temperature and wind 
increase, so do the water requirements of the turfgrass. On a year-to-year basis, the 
peak demand month occurs during the summer, either in June, July, or August. When 
averaging the monthly water use over the five-year period from 1991 through 1995, the 
month of June was the peak demand month, requiring more than 31 million gallons for the 
month, or approximately 1.04 million gallons of water per day (effluent and potable). For 
1995, the most recent year of record for water use, the peak water use month was August, 
when daily water requirements were 1.25 million gallons per day. Figure 4 shows 1995 
average daily irrigation application on a monthly basis. The total monthly potable and 
reuse water used for irrigation, for the five-year period of 1991-1995, at Desert Rose Golf 
Course is listed in Tables 2 and 3.
On an annual basis, based on the five-year period from 1991 through 1995, DRGC 
used an average of 225 million gallons of water per year (reuse and potable). This equates 
to about 690 acre-feet, or 4.8 acre-feet of water per acre per year. Under the arid 
conditions found in southern Nevada, this watering rate may represent dehcit irrigation 
conditions (Devitt, 1996). As a result, increasing the amount of irrigation remains a
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Table 2 -Total monthly potable water used for irrigation purposes at Desert Rose Golf 
Course for the 5-year period from 1991 through 1995 (in million gallons per 
month).
1991 1992 1993 1994 1995
Average 
Monthly Use 
(mil gals)
JAN 0.8 0.1 0,6 0.1 0.2 0.36
FEB 0.0 0.1 0.5 0.0 0.6 0.24
MAR 0.0 0.1 0.8 0.1 0.4 0.28
APR 0.1 0.1 2.6 1.5 0.6 0.98
MAY 0.2 6.9 2.4 1.8 0.7 2.40
JUN 2.8 3.7 2.6 4.7 1.7 3.10
JUL 5.2 4.4 4.8 3.5 1.9 3.96
AUG 14.8 4.3 11.2 1.0 1.8 6.62
SEPT 6.6 3.5 7.2 1.4 1.4 4.02
OCT 6.9 4.8 2.1 0.8 4.0 3.72
NOV 2.9 1.2 1.6 0.5 3.0 1.84
DEC 0.5 1.1 1.0 0.4 0.4 0.68
ANNUAL
TOTAL 40.8 30.3 37.4 15.8 16.7 28.2
(Data from Mike Rincon, Superintendent, Desert Rose Golf Course)
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Table 3 . -Total monthly reuse water used for irrigation purposes at Desert Rose Golf 
Course for the 5-year period from 1991 through 1995 (in million gallons per 
month).
1991 1992 1993 1994 1995
Average 
Monthly Use 
(mil gals)
JAN 3.3 6.4 0.3 7.9 2.0 3.98
FEB 15.6 5.3 0.3 10.7 1.2 6.62
MAR 16.0 4.8 9.4 7.6 8.0 9.16
APR 16.2 9.1 18.7 20.6 16.3 16.18
MAY 30.3 22.0 25.0 21.5 20.7 23.90
JUN 39.8 27.0 25.0 21.5 27.3 28.12
JUL 17.9 32.2 20.3 29.1 29.8 25.86
AUG 10.7 32.2 7.6 27.3 36.8 22.92
SEPT 19.4 25.0 0.0 19.5 27.8 18.34
OCT 19.6 17.6 29.7 10.8 29.9 21.52
NOV 14.8 11.8 19.8 4.9 17.5 13.76
DEC 6.0 3.6 8.4 2.4 12.1 6.50
ANNUAL
TOTAL 209.60 197.00 164.50 183.80 229.40 196.86
(Data from Mike Rincon, Superintendent, Desert Rose Golf Course)
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possibility. The categorization of total annual water (reuse and potable) used for irrigation 
is listed in Table 4. The last column of this table indicates what percentage of the annual 
total was reuse water.
Water for turfgrass irrigation is a major cost to golf courses utilizing municipal 
water. The rate paid is based on several factors including the type of water being used 
(potable vs. non-potable), how much water is used, and the size of the meter. Since Desert 
Rose Golf Course utilizes two different water supplies, the rates paid are different. The 
cost of reuse water from the Clark County Sanitation District is a flat rate of 40 cents per 
consumption (Karafa, 1996). A consumption is equivalent to 1,000 gallons of water. In 
1995, Desen Rose purchased a total of 229.4 million gallons (or 229,400 
consumptions) of reuse water for a total cost of $91,760.
Table 4.-Total annual quantity of irrigation water used at Desert Rose Golf Course.
YEAR REUSE
WATER
mil. gals./year 
(AFY*)
POTABLE
WATER
mil. gals./year 
(AFY)
ANNUAL
TOTAL
mil. gals. 
(AFY)
ANNUAL 
PERCENTAGE 
OF REUSE 
WATER
1991 209.6 40.8 250.4 84
(643.2) (125.2) (768.4)
1992 197.0 30.3 227.3 87
(605.6) (93.0) (698.6)
1993 164.5 37.4 201.9 81
(505.0) (115.0) (620.0)
1994 183.8 15.8 199.6 92
(564.1) (48.5) (612.6)
1995 229.4 16.7 246.1 93
(704.0) (51.2) (755.2)
*AFY = acre feet per year
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Potable water purchased from the Las Vegas Valley Water District is more 
expensive. The cost includes a monthly service charge based on the size of the meter 
(6-inches at DRGC) and on a 4-tiered rate structure (Las Vegas Valley Water District, 
1996). A copy of the rate structure is shown in Appendix A. A total of 16.7 million 
gallons (or 16,700 consumptions) of potable water was purchased in 1995 for a total of 
$27,431. Table 5 shows a monthly water cost breakdown, and that the total annual 
cost of irrigation at Desert Rose Golf Course for the year (1995) was $119,191. 
Common bermudagrass iCynodon dactylon) is used on the majority of the golf course 
(i.e., fairways, common areas). Bermudagrass goes dormant in the winter, therefore in 
the fall the turf is overseeded with perennial ryegrass (Lolium perenne). Hybrid 
bermudagrass is used on sensitive areas like the greens. There are a number of 
omaihental trees on the course including approximately 100 to 150 pine trees, 24 to 36 
deciduous trees, and 6 palm trees.
Previous Investigations 
The first in-depth hydrologie study of the Las Vegas Valley Hydrographic Basin 
was performed by Maxey and Jameson (1948). The study defined the hydrologie units 
and noted the absence of perennial flow in the surface-water channels. General 
hydrogeology was described by Harrill (1976), Plume (1984), Wernicke (1984), 
Bemholtz (1993), and Donovan (1996). The elemental definitions of the various 
aquifers in the Valley, first defined by Maxey and Jameson in 1948, such as aquifer 
thickness and depth below land surface, have remained relatively unchanged among 
reports by later researchers. The only exception to this are the sometimes overlapping
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Table 5 -Monthly and total cost of irrigation water a t Desert Rose Golf Course in 1995.
MONTHLY AND TOTAL COST O F IRRIGATION WATER 
BASED ON 1995 W ATER USE
Potable W ater Cost
Quantity
(thousands
gallons)
Quantity
(no. of 
consumptions')
Monthly
Cost*
(S)
Quantity
(thousands
gallons)
Quantity
(no. of 
consumptions')
Monthly
Cost^
(S)
January 200,000 200 245 2.000,000 2,000 800
February 600,000 600 742 1,200,000 1.200 480
March 400,000 400 458 8,000,000 8,000 3,200
April 600.000 600 742 16,300,000 16,300 6.520
May 700.000 700 884 20,700,000 20,700 8,280
June 1.700.000 1.700 2,780 27,300,000 27,300 10,920
July 1,900.000 1.900 3.163 29,800,000 29,800 11,920
August 1.800.000 1,800 2,587 36,800,000 36,800 14,720
September 1.400.000 1.400 2,203 27,800,000 27,800 11,120
October 4.000,000 4,000 7,195 29,900,000 29,900 11,960
November 3.000.000 3,000 5.275 17,500.000 17,500 7,000
December 400,000 400 458 12,100,000 12,100 4,840
Add monthly service 
charge of
S58.21 * 12 months 699
TOTAL 327.431 391.760
Reuse W ater Cost
TOTAL COST OF POTABLE & REUSE WATER FOR 1995 $119,191
one consumption is equivalent to 1 , 0 0 0  gallons
cost based on 4-tiered rate system used by Las Vegas Valley Water District, see Appendix 
A for copy of rate structure
Clark County Sanitation District charges a flat rate of 40 cents per consumption for reuse 
water
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terms of shallow aquifer and near-surface aquifer described by various researchers. 
Maxey and Jameson (1948), Malmberg (1965), and Dinger (1977) refer to a near­
surface zone with water ranging in depth from 1 to 50 feet below land surface. In 
some places the water is under artesian pressure, in others it is unconfined. 
VanDenburgh et al (1982) and Dettinger (1987) describes a shallow zone from 0 to 30 
feet below land surface. Brothers and Katzer (1988) define the shallow aquifer as the 
upper 30 feet of saturated sediments where the water table occurs within 20 feet of land 
surface.
Malmberg (1965) presents ground-water quality data collected during the 
1950's. His conclusions about the water quality of the different hydrologie features 
support the work by Maxey and Jameson. Dinger (1977) presented the relationship 
between the water quality of the shallow aquifer and the surficial geology, relating the 
presence of gypsum deposits in the southeast part of the Valley to the lower quality 
water (high in soluble salts) found in that area. The relationship of land and water use 
on water quality was described by Kaufinann (1978). Kaufinann described the 
recharge to the shallow aquifer system as a result of a positive upward gradient from 
the deeper aquifers and a result of human water use practices including over-irrigation 
and the disruption of natural soil conditions. Patt (1978), Converse Consultants 
(1985), and Dettinger (1987) also discuss the role of water use practices resulting in 
recharge to the shallow aquifer system.
Geochemical investigations associated with recharge to the shallow aquifer were 
conducted by Kaufinann (1978), Converse Consultants (1985), Dettinger (1987), 
Brothers and Katzer (1988), and Wild (1990). To determine any change in water
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quality, Hines, et al (1993) examined data collected between 1981 and 1991 to that 
collected from previous investigations. Zikmund (1996) used previously collected 
water quality data to create a total dissolved solids contour map for the shallow system.
Maxey and Jameson (1948) note that only ephemeral flows existed in the 
surface water channels in the Las Vegas Valley. The increasing population in the 
Valley resulted in perennial surface water flow conditions. Malmberg (1965) 
quantified the seasonal variation of Las Vegas Wash flow entering Lake Mead. 
Kaufinann (1978) and Plume (1984) identify perennial flow in several surface-water 
(wash) tributaries to Las Vegas Wash. In 1995, French and Mizell conducted a study 
that quantified the flow and quality of surface-water in the three major washes tributary 
to Las Vegas Wash; Flamingo Wash, Duck Creek, and Las Vegas Creek. Recharge to 
the surface flows are discussed by Malmberg (1965), Converse (1985), and Plume 
(1984).
Using alternative, or non-potable, water sources like shallow ground water or 
wash water to augment the potable water supply in the Valley was first promoted by 
Brothers and Katzer (1988). Studies that further investigated using this water for large- 
scale turf irrigation were conducted by Dean, et al (1996) and French and Mizell 
(1995).
Studies investigating the use of high-salinity water for irrigation have been 
conducted by Rhoades (1988) and Dean, et al (1996). Pettygrove and Asano (1985), 
Hem (1985), and Maas and Hoffinan (1977) have provided water quality parameter 
values for irrigation with poor quality water.
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The diversion of shallow aquifer or wash water for irrigation purposes may 
result in a decline in the amount of water discharging into Lake Mead the from Las 
Vegas Wash. Any decline in flow could represent an impact on the amount of return 
flow credits the state of Nevada receives. Therefore, the legal aspects of using this 
water supply must be investigated. Various governmental and agency documents 
pertaining to the use of the Colorado River, such as the Colorado River Water Budget 
(1990) and Southern Nevada Water Authority’s Annual Water Budget (1994) will be 
utilized.
The U.S. Geological Survey reports the flow of Las Vegas Wash in Lake Mead 
in an annual water report (Clary, et al, 1995). This value is used in the return flow 
credit calculation, and therefore is important in determining the impact of flow 
diversion. Since all water in the state of Nevada is considered a public resource, any 
plans to divert water must be decided by the Division of Water Resources, office of the 
State Engineer. The Nevada Division of Environmental Protection provides state water 
quality regulations for water used for irrigation purposes.
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CHAPTER 2
ENVIRONMENTAL SETTING 
Location and Physiography 
Las Vegas Valley Hydrographic Basin encompasses approximately 1,550 square 
miles in southern Nevada. The eastern edge of the Valley is located approximately five 
miles west of Lake Mead, an impoundment on the Colorado River. The Valley 
occupies a structural basin in the Basin and Range Province of the northern Mojave 
Desert, and most ground water and all surface flows are tributary to Lake Mead 
through Las Vegas Wash. The general flow gradient for all surface and ground water 
is in the southeast direction.
The Valley is bounded on virtually all sides by mountain ranges that reach a 
maximum elevation of almost 12,000 feet above sea level in the Spring Mountains to 
the west. The Valley floor elevation ranges from about 3,000 feet in the west at the 
mountain front to 1,500 feet in the east at the outflow of the Valley. Major towns and 
entities located in the Las Vegas Valley include Las Vegas, North Las Vegas, 
Henderson, and Nellis Air Force Base (Brothers and Katzer, 1988). Figure 5 locates 
the major mountain ranges and entities in the Las Vegas Basin.
23
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Climate
The climate on the Valley floor is considered arid, while higher elevations are 
considered sub-humid. Precipitation on the Valley floor averages about 4.17 inches 
per year while annual potential évapotranspiration exceeds 86 inches (Devitt, 1996). 
Most precipitation occurs during the months of July and August and during the winter 
(Wild, 1990). The mountains surrounding the basin may receive both rain and 
snowfall resulting in an average of 26.74 inches of precipitation each year over the 
previous ten years of record (Buchanan, 1996).
General Hydrogeology
Las Vegas Valley is located in the Great Basin section of the Basin and Range 
physiographic province. The Valley occupies a structural basin in an area that 
underwent greater than 100 percent extension in the Mid-Miocene of the Cenozoic Era 
(Wernicke, 1984). The Valley is approximately 30 miles wide and 50 miles long and 
consists primarily of erosional sediments that in some locations are up to 5,000 feet 
thick (Plume, 1986). Basin-flll sediments range from coarse cobbles to fine-grained 
silts, clays and highly cemented alluvium (commonly referred to as caliche) often act as 
confining layers.
The hydrogeology is complex. As discussed in both Harrill (1976) and 
Bemholtz (1993), the boundaries between the aquifers and confining units (aquitards) 
in the alluvial basin fill are difficult to map. As a result, there have been several 
different descriptions of the hydrogeology of Las Vegas Valley. One common 
observation among most researchers is the presence of a shallow aquifer of low quality
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ground water within a few feet of land surface throughout the east and southeast part of 
the Valley (Maxey and Jameson, 1948, Dinger, 1977, VanDenburgh, 1982, Dettinger, 
1987, and Johnson, et al, 1991). Below the shallow system is a confining unit defining 
the top of the near-surface zone. The bottom of the near-surface reservoir, 
approximately 250 to 300 feet below land surface, was defined in 1976 by Harrill as 
the top of the first significant water producing gravel zone. Depending upon the 
researcher, the principal water producing zone is composed of anywhere from one 
aquifer (Harrill, 1976) to three aquifers (Maxey and Jameson, 1948, Donovan, 1996). 
Below the principal aquifer is bedrock.
This study's primary focus is on the surficial flow systems, including both flow 
in washes and shallow ground water. Ground water is encountered in the upper few 
meters of alluvium, and is hereafter referred to as shallow ground water, the shallow 
aquifer, or the shallow zone.
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CHAPTER 3
METHODOLOGY 
Water Quality
Surface water samples were collected from three locations on or near Desert Rose 
Golf Course, as shown in Figure 6. Samples were collected immediately before the drop 
structures on both Las Vegas Creek and Flamingo Wash, and approximately 1000 feet 
below the confluence of Las Vegas Creek and Flamingo Wash. Water quality samples 
were also collected from the in-flow line as effluent was discharged into the storage pond 
and directly from the pond where the water supply entered the irrigation system.
Flamingo Wash and Las Vegas Wash both flow directly through Desert Rose 
Golf Course. Of the two washes on-site, Flamingo Wash was selected for this study 
for three primary reasons; 1) the close proximity of the wash to the irrigation storage 
pond (approximately 1,000 feet), 2) based on previously collected data (French and 
Mizell, 1995), the flow in Flamingo Wash is greater than that in Las Vegas Wash, and 
3) access to the wash is simplified because the wash is directed through a 48" low-flow 
pipe at the proposed point of diversion.
To monitor water quality and potential yield of the shallow aquifer, three wells were 
installed at Desert Rose Golf Course. See Figure 6 for the location of the monitoring wells.
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The wells were drilled using a BK-81 Hollow Stem Auger to a depth of 35 feet 
below land surface. Each well was constructed of Schedule 40, two-inch diameter PVC 
pipe with a 0.020-inch factory slotted screen. The wells were screened at two intervals 
including the ten feet directly below the water table and the bottom five feet of the well.
A geologist was on-site to log drill cuttings.
Well development was attempted using a submersible pump, but low yield in the 
wells required using hand-bailing development techniques. Each well was developed 
(using a hand bailer) until the water in the well was clear and field chemistry parameters 
(electrical conductivity, pH, and temperature) had stabilized. Well driller’s reports and 
the geologist’s summary of subsurface conditions for the monitoring wells are shown in 
Appendix B.
Sample Collection, Analysis, and Quality Control
A total of three samples were collected from each site (with one exception) 
between July 1994 and February 1995. Due to construction near Flamingo Wash, a water 
quality sample could not be collected from the wash during the February, 1995 sampling 
trip. In the washes, grab samples were collected in the middle of the main channel at 
mid-depth. The effluent into the pond was collected from a hose bib on the in-flow line.
A grab sample was collected firom the pond as near the irrigation system feedline as 
possible.
In order to obtain shallow ground-water samples representative of the surrounding 
formation, at least three well-bore volumes were evacuated using a Grundfos Redi-Flo 
submersible pump (Model #1A 106003). At times, the well yield would decrease to the
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point of very low or no flow. When this occurred the pump was left in the hole and the 
well was allowed to recover prior to initiating the pump again. Sampling equipment was 
decontaminated between each site by rinsing the equipment in water containing 50 parts 
per million chlorine. Total chlorine was checked using Hach field kit which requires 
color comparison after a titrant is added to sample water. Equipment was then rinsed in 
tap water, and finally in distilled water. Field chemistry parameters were allowed to 
stabilize to within five percent variation from measurement to measurement, before a 
sample was collected. Static water levels were measured prior to purging the wells.
All samples were collected in a two and one-half liter plastic bottle that had 
previously contained distilled water. The container was rinsed three times with sample 
water before sample collection. Each site had a designated bottle that was used once and 
discarded. The distilled water from the sample collection bottle was used to pre-rinse the 
sampling filter and tubing for those samples requiring filtration. Pre-cleaned sample 
containers for all chemical analyses, except coliform bacteria, were obtained from Desert 
Research Institute’s (DRl) analytical laboratory in Reno, Nevada.
Sample containers for coliform bacteria were obtained from the lab doing the 
analysis, either EFFEX Analytical Services with an office and lab in Las Vegas, Nevada 
or Met-Chem West, with an office in Las Vegas, and lab in Dearborn, Michigan. A total 
of three surface water samples were collected for coliform analysis (summer, fall, and 
winter). For shallow ground water, two samples were collected. One during the summer 
and one during the winter. Due to miscommunication with the lab (EFFEX Analytical), 
only fecal coliform from all the samples collected in the summer were analyzed. Both 
fecal and total coliform were analyzed by Met-Chem West for the remaining samples.
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Field measurements, including electrical conductivity (EC), temperature and pH 
were determined on site using an unfiltered sample. Field parameters were measured 
using hand-held meters; a Beckman brand meter was used for pH and temperature and a 
Cole-Palmer brand meter was used for electrical conductivity. Prior to measuring the 
samples in the field, the pH meter was calibrated using 7.00 and 10.01 DRI laboratory- 
prepared standards. Sample pH was measured to the nearest 0.01 pH units. Electrical 
conductivity was calibrated with 5CX), 1000, and 5000 umhos/cm DRI laboratory-prepared 
standards. A platinum probe, recommended by Cole-Palmer to be more reliable at higher 
EC values, was used because of the elevated values typical of most surface and shallow 
ground water in the Valley. Since some of the samples were collected in extremely hot 
weather, the meters were stored in a cooler in order to maintain equipment reliability.
Chemical analyses of water samples for major ions, total dissolved solids, boron, 
and nitrogen species were conducted at the Desert Research Institute’s analytical 
laboratory in Reno, Nevada. The samples were prepared in accordance with methodology 
described in Standard Methods for the Examination of Water and Wastewater, 18th 
Edition. Analyses of coliform bacteria (total and fecal) were performed at one of two 
labs. Samples collected in August 1994 were analyzed by EFFEX Analytical Services, 
and samples collected in September 1994 and February 1995 were analyzed by Met- 
Chem West. The coliform samples were prepared in accordance with microbial analysis 
methodology described in Standard Methods for the Examination of Water and 
Wastewater, 17th Edition. Method 9221A was used for total coliform and 9221C was 
used for fecal coliform. Coliform results were reported as most probable number per 100 
ml (MPN/100ml).
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Table 6 summarizes the sample types collected, sample volumes, whether the 
samples were filtered or not filtered, container types, preservatives, and preservative 
volume for all samples collected for this study. If filtration was required, a 0.45 micron 
membrane filter, and the associated tubing, were pre-rinsed with distilled water. The 
sample was gravity fed from the two and one-half liter container, through the tubing and 
filter, into the appropriate sample container. All samples were labeled specifying the site 
location, the analysis requested, and the date and time the sample was collected. After 
collection, all samples were maintained at temperatures below 4°C and were either 
delivered to the lab the same day of collection (coliform bacteria) or sent to the lab by 
overnight mail (DRI analyses). All samples were accompanied by chain of custody 
record.
Table 6.-Summary of Sample Handling Requirements
Sample
Type
Filtered? Sample
Volume
Container
Type
Preservative Preservative
Volume
Major Anions
TDS
NOj
NO,
yes 500 ml plastic no none
Major Cations 
Boron
yes 250 ml plastic H N O 3 10 drops
TKN
NH 4
no 250 ml plastic H ,S 0 4 5 drops
Coliform 
(total & fecal)
no 100 ml plastic Na^S^O; 1 drop
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The chemical analysis results were compared to the levels recommended for 
turfgrass irrigation by Pettygrove and Asano, 1985, Hem, 1985, and Maas and Hoffman, 
1977. The water quality parameters of concern included salinity (as measured by 
electrical conductivity), pH, boron, adjusted sodium absorption ratio, and coliform 
bacteria. The maximum quantity of wash water that could be used, and still be suitable 
for irrigation, was calculated using various blend combinations including wash water, 
potable water, and Clark County Sanitation District reuse water.
One additional method used to determine the overall suitability of using the 
various blends of water for turfgrass irrigation is the adjusted sodium adsorption ratio 
(SAR). The adjusted SAR calculates the tendency of an irrigation water to replace 
adsorbed calcium and magnesium with sodium, and therefore aids in the prediction of 
the ability of the water to damage the soil structure and decrease permeability (Hem, 
1985). The adjusted SAR is calculated from the following equation (Driscoll, 1986):
adj SAR = ■ -■ + [1 + (8.4 -  pHc)]
y/Ca+Mg
2
where Na, Ca, and Mg in milliequivalents per liter (meq/L) and are taken from the water 
quality analysis. The value for pHc is calculated from the following equation: 
pHc = (p K \ - pK’c) + p(Ca + Mg) + p(Alk)
Appendix C shows the equation and associated tables in their entirety. SAR values are 
listed with the water quality data in Tables 8 and 9.
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Surface-Water Flow 
In a previous study, French and Mizell (1995) collected flow data for Flamingo 
Wash and Las Vegas Wash at Desert Rose Golf Course. Note, French and Mizell refer to 
the upstream portion of Las Vegas Wash as Las Vegas Creek. Flow data in Las Vegas 
Wash was collected from August 1993 through June 1995 (the meter was temporarily 
removed from August 18, 1994 through November 8, 1994).
Data for Flamingo Wash were collected from June 1991 through May 1993. To 
determine if there were any significant changes in flow in Flamingo Wash since 1993, an 
electromagnetic flow meter (Marsh-McBimey Model 260 Flo-Tote) was installed in the 
30 " inch pipe that transmits dry weather flow below Desert Rose Golf Course. Flow 
measurements were reported as hourly values (5-minute average collected each hour) 
from August 18, 1994 to October 11, 1994. The flow meter was installed at the same 
location on Flamingo Wash as reported in the study by French and Mizell.
There are two concerns, mentioned by French and Mizell (1995), which should be 
noted when analyzing the flow results. First, since the pipe is designed to carry only dry 
weather flow, the measurements do not reflect flood flows. Secondly, the grate allowing 
dry weather flow to enter the pipe was periodically blocked, therefore not measuring the 
entire flow, resulting in anomalously low values. French and Mizell (1995) completed 
extensive statistical analysis of the flow data for their report, and these data are utilized in 
this study.
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Diversion System
Engineering feasibility of the diversion system to transport wash water into the 
irrigation pond was a major portion of this study and therefore, much information was 
needed for the best and most efficient design.
Water-Quantitv Requirements
The water-use records of Desert Rose Golf Course were reviewed for the years 
1991 through 1995 (as shown in Tables 1 and 2) to determine the maximum daily 
demand. Water demand data that was previously collected was used to determine the 
maximum and minimum water use, average daily use, and any diurnal or seasonal 
fluctuations. The maximum daily quantity of water required at Desert Rose Golf Course 
determined the specifications of the pumping station and pump size.
As-Builts from Clark County
Information on the current pipe configuration (i.e., Hamingo Wash low-flow pipe 
that runs through DRGC), pipe size, construction material, and elevation was obtained 
from Clark County Comprehensive Planning.
Survey Data and System Design
A land survey was completed in order to determine the vertical lift and horizontal 
distances from the irrigation water intake structure to the irrigation pond. This 
information, along with the estimated peak demand requirements, was used to determine 
the optimal diameter pipe, based on friction losses, from the point of diversion on 
Flamingo Wash to the irrigation pond and for the overflow from the diversion point back 
into the wash.
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Cost Analysis
Once a preliminary design was completed, the total capital cost of the system was 
established using the Means Site Work and Landscape Cost Data ( 1994) Guide. This 
guide provides breakdowns for material cost, equipment cost, and labor cost. It also 
includes other capital charges including mobilization, insurance, bonds, and a regional 
adjustment factor for the Las Vegas area.
A cost analysis was performed to determine the economic feasibility of using 
wash water at Desert Rose Golf Course. This analysis examined the cost of different 
scenarios involving the use of varying blends of reuse water, potable, and wash water for 
irrigation water as compared to the present total annual cost of DRGC’s current irrigation 
supply (mixed, reuse and potable). Other factors contributing to the annual cost include 
water quality sampling, operation, and maintenance.
The cost analysis also includes incorporating an inflation rate analysis to 
determine the economic impact of using a water supply difrerent from what is currently 
being used, and also examines the cost differential over the remainder of the management 
contract.
Water Right and Legal Issues
A literature search was done to determine the legal issues related to the use of 
shallow ground water or wash water for irrigation at DRGC. Important issues include 
how diversion of surface water flow will impact return flow credits and the possibilities 
of getting a permit for shallow ground water even though the basin has been 
overallocated. Other concerns included water quality regulations for the irrigation of
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turfgrass with regard to human contact and determining how to obtain available water 
rights.
Since the use of all water in the state of Nevada is overseen by the Nevada State 
Engineer, only state regulations and laws were examined. In addition, federal 
environmental laws in the state are implemented by the Nevada Division of 
Environmental Protection.
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CHAPTER 4
RESULTS AND DISCUSSIONS 
Shallow Ground-Water Characteristics 
Shallow ground water in the east and southeast parts of the Valley appears 
within the first few feet of land surface (Maxey and Jameson, 1948, Dinger, 1977, 
VanDenburgh, 1982, Dettinger, 1987, Brothers and Katzer, 1988, Johnson, et al, 
1991). Development of the shallow aquifer can be attributed to the fact that Valley 
soils tend to be relatively impermeable due to layers or lenses of fine-grained material 
and the presence of caliche (pedogenic calcium-carbonate cementation), which act as 
confining layers. The shallow zone is composed primarily of silts and clays and poorly 
sorted sands and gravels of low transmissivity (Woessner, 1980, Wyman, et al, 1985, 
and Converse, 1985). Recharge to the shallow aquifer system is a result of a positive 
upward gradient from the deeper aquifers and a result of human water use practices 
including the over-irrigation of landscapes and the disruption of natural soil conditions 
(Kaufinann, 1978, Converse, 1985, Bemholtz, 1993, and Morgan and Dettinger,
1994).
The irrigation water that has not been used by plants, or has not entered the 
storm drain system, percolates to the shallow water table. Morgan and Dettinger
38
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(1994) estimate that secondary recharge resulting from over-irrigation and other 
sources has totaled more than 340,000 acre feet during the period from 1972 to 1981.
The quality of shallow ground water varies depending upon location. Previous 
studies have indicated that water quality deteriorates (salinity increases) down the 
hydraulic gradient (Dinger, 1977, Kaufinann, 1978, Converse, 1985, Dettinger, 1987, 
Brothers and Katzer, 1988, Wild, 1990, Hines, et al, 1993). Dinger (1977) related the 
increase in salinity in the southeast part of the Valley to the presence of gypsum 
deposits and the subsequent dissolution of the minerals by the shallow ground water. 
Figure 7 presents a salinity contour map highlighting the range of total dissolved solid 
values from approximately 15(X) mg/1 in the central part of the Valley to over 8,0(X) 
mg/1 in the down-gradient, southeastern direction.
Shallow Ground-Water at Desert Rose Golf Course 
Three shallow ground-water monitoring wells (DR0SE13T, DROSEllG, 
DROSEIOG) were installed to determine the water quality and potential yield of the 
shallow system at DRGC. The well driller’s logs indicate that the soils in the shallow 
aquifer at DRGC are fine-grained, primarily clay, silty clay, or sandy clay. The 
location of the three monitoring wells are shown in Figure 6. Static water level 
measurements were collected several times throughout the course of this study. The 
water levels varied not only from location to location, but also seasonally. The depth 
to water was greater in the summer and fall than in the winter (Table 7).
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Water Quality
A total of three water quality samples were collected from each site between 
July 1994 and February 1995. Field measurements were conducted for electrical 
conductivity (EC), temperature, and pH. Additionally, water samples were collected 
for analysis of major ions, TDS, boron, coliform, and nitrogen species. Results of the 
chemical analysis of the shallow ground water are reported in Table 8.
Table 7.-Static water levels at three monitoring wells at Desert Rose Golf Course
WcUSite Date Static Water Level 
(feet below land surface)
7/29/94 15.82
DROSEIOG 9/03/94 16.20
2/02/95 13.77
7/28/94 20.85
DROSEllG 9/13/94 20.78
2/02/95 18.30
7/29/94 16.00
DR0SE13T 9/13/94 16.10
2/02/95 14.30
There are four common water quality criteria used to determine water quality 
suitability for irrigation; salinity (measured by soluble salt concentration as electrical 
conductivity of irrigation water), boron concentration, the adjusted sodium adsorption 
ratio (SAR), and pH. An additional water quality concern, based on the potential for 
human contact, is the presence of coliform bacteria. Table 9 shows the usual range of 
values considered acceptable for these water-quality parameters for turfgrass irrigation.
One concern for mrfgrass managers is ensuring the downward flux of salts 
through the rootzone. This can be accomplished by irrigating the turfgrass in an
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amount over and above the water requirement. In an arid region such as Las Vegas, 
a leaching fraction of at least 15 percent is recommended (Devitt et al, 1992).
Elevated levels of salinity in irrigation water can effect the quality of the 
turfgrass (color and canopy cover). Salinity reduces crop quality by reducing the 
ability of the plant roots to absorb water. One measure of salinity is the electrical 
conductivity of the irrigation water. It is recommended that the EC of the irrigation 
water not exceed 3,(XX) umhos/cm. Another measure of salinity, and probably more 
important for long-term crop management, is the saturation extract, or rootzone salinity 
(Pratt and Suarez, 1990). The saturation extract threshold for bermudagrass is 6,9(X) 
umhos/cm and 5,600 umhos/cm for perennial ryegrass (Maas and Hofrinan, 1977).
Table 9.~Water quality parameters for irrigation water of turfgrass
Water Parameter Unit Usual Range in Irrigation Water
Salinity
EC irrigation water umhos/cm 0-3(XX)
Boron mg/l 0 - 2
Adj. Sodium Adsorption Ratio 
(SAR)
none 0 - 1 5
Coliform, fecal c.f.u. or 
MPN/lOO ml
2.2 (30-day geometric mean)
pH none 6.5 - 8.5
(Maas and Hoffinan, 1977, Pettygrove and Asano, 1985, and Hoffinan, 1990)
The EC of the irrigation water for shallow ground water at DRGC ranged from 
approximately 4,600 to 8,000 umhos/cm. The saturation extract EC was predicted 
using Figure 8. The diagram assesses the salinity hazard under high frequency
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
4 5
irrigation, and shows the relationship between saturation extract (rootzone) salinity, EC 
of the irrigation water, and the leaching fraction (Rhoades, 1988). Knowing two 
values, in this case EC of the irrigation water (average 6,000) and the recommended 
leaching fraction (0.15), allowed for the prediction of the average rootzone salinity.
In the case of shallow ground water, the rootzone salinity would be approximately 
7,000 umhos/cm, which exceeds the tolerance threshold for both bermuda and ryegrass 
(Figure 8).
Overall, the best way to ensure long-term health of the turfgrass is the 
development of best management practices (BMPs) designed specifically for DRGC. 
Salinity management would be a significant part of the BMPs. Soluble salts added with 
the irrigation water must be removed by leaching in order to prevent toxic conditions 
for the plants. Successful water management for salinity control depends on 
maintaining an adequate leaching fraction to ensure the downward flux of salts from the 
root zone (Hoffman, 1990 and Dean et al, 1996).
The second criteria in determining the suitability of water for irrigation is the 
concentration of boron. Boron is an essential plant nutrient, however, a small excess 
over the required amount is toxic to many types of plants, especially woody ornamental 
landscape trees and shrubs. The required concentration for ornamental species falls 
within a narrow acceptability range (Hem, 1985). According to Hem, there is typically 
no long-term problem for plant yield if the boron concentration in the irrigation water 
is below 0.75 mg/l. Problems with plant damage and decreased yield begin to occur at 
concentrations between 0.75 and 2 mg/l. Severe damage occurs with concentrations
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greater than 2.0 mg/l (Hem, 1985). Boron is typically not a concern for turfgrass 
because the constituent typically accumulates in the older tissue via transpirational 
flow. These leaves are then removed when the grass is cut. The boron concentration 
of the shallow ground water at DRGC ranges from 1.5 to over 3 mg/l. All shallow 
ground-water samples are near, or exceed the recommended boron concentrations for 
ornamental species under a long-term irrigation scenario.
The third measure of irrigation water quality is the calculation of the adjusted 
sodium adsorption ratio. High values of the SAR (above 15) imply a hazard of sodium 
replacing adsorbed calcium and magnesium, which over time damages the soil 
structure, and results in poor infiltration and redistribution of water and in a lower 
plant yield (cover and quality). The adjusted SAR values for the collected shallow 
ground water samples are listed with the major ion concentrations in Table 8. The 
adjusted SAR values calculated for the shallow groimd water at DRGC are on the high 
end or exceed what is recommended for irrigation purposes, falling in the range of 10 
to 18 units.
The fourth water-quality parameter is pH, or hydrogen-ion activity. The 
“abbreviation” pH represents the negative base-10 log of the hydrogen-ion activity.
The values of pH fall within the range of 1 to 14 pH units, with 1 representing very 
acidic conditions, 7 representing neutrality, and 14 representing basicity. According to 
Pettygrove and Asano (1985), the pH of irrigation water for turfgrass should be in the 
relatively neutral range of 6.5 to 8.5 pH units. With a range of 7.12 to 7.34, all 
shallow ground water meets pH recommendations.
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One additional water-quality criteria is the presence or absence of coliform 
bacteria. Coliform bacteria are used as indicators for the microbial contamination of 
water. Although coliform bacteria may, or may not be pathogenic, they serve as 
indicators of contamination by sewage or municipal waste, and therefore imply a threat 
to human health. Nevada Administrative Code (NAC) 445.1765 requires that water 
used for spray irrigation meet specific bacteriological standards. For golf courses 
using spray irrigation with no buffer zone around the irrigated area, the thirty day 
geometric mean for the presence of fecal coliform is 2.2 colony-forming units (c.f.u.) 
or most probable number per milliliter (MPN/lOO ml), or a single maximum value of 
23 c.f.u. or MPN/lOO ml over a thirty-day period. The presence of fecal coliform 
does not make the water unavailable for use, it would just require disinfection (most 
likely chlorination).
Bacteriological analyses indicate the presence of fecal and/or total coliform in 
all three monitoring wells. The concentrations ranged from none to 350 c.f.u. 
Disinfection of the water would alleviate this concern.
Other potentially adverse water quality constituents like hydrocarbons or metals 
are not required to be sampled under Nevada State regulations for irrigation (see 
Nevada State Water-Quality Regulations section). Although, from a turf manager’s 
viewpoint these constituents may represent a concern.
Aquifer Yield
The ability of the shallow aquifer to produce an amount of water sufficient to 
meet Desert Rose’s irrigation needs was determined during well development. As
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
4 9
indicated by the driller’s logs, the shallow zone is comprised of fine-grained materials. 
These materials prohibited any type of pump development of the wells because the 
wells went dry after only a couple minutes of low-rate pumping (less than five gallons 
per minute). As a result, the wells were developed using a hand bailer.
The low shallow ground-water yield found at Desert Rose Golf Course is 
representative of what has been found at other locations throughout the Valley. 
Converse Consultants (1985), Alford (1996), and Western Technologies(1991) have 
consistently found that shallow wells drilled throughout Las Vegas Valley, to depths of 
less than forty feet had low yields. In most instances, the well yields ranged between 1 
and 30 gallons per minute (gpm), with most yielding less than 10 gpm.
In order to meet the 1.25 million gallon per day summer irrigation requirement 
at DRGC, more than 135 shallow wells producing five gpm would have to be installed. 
Even if the shallow water is blended with 50% potable water or reuse water (to 
improve water quality), there would still be a need for more than 65 wells. At 
approximately $15,000 per well (Morris, 1995), the installation cost of 65 wells would 
be nearly one million dollars. This figure does not include the cost of operation and 
maintenance. Based on the poor water quality, low aquifer yield, and the subsequent 
high capital costs, installing shallow wells on site would not be a feasible method of 
obtaining a sufficient amount of irrigation water.
Although not within the scope of this study, it may be worthwhile to investigate 
the possibility of drilling the wells deeper, in order to increase yield. Some evidence 
suggests that wells drilled to approximately 100 feet below land surface would result in 
higher productivity (Johnson, 1996). An increased yield would result in fewer wells
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having to be drilled. Although the deeper wells would be more expensive, there would 
need to be fewer of them. Since deeper wells would tap into the near-surface or 
principal aquifers, the permitting requirements may be different.
Surface-Water Characteristics 
Prior to the 1960’s the surface water channels in the Las Vegas Valley 
experienced only ephemeral flows, primarily the result of precipitation events (Maxey 
and Jameson, 1948, Kaufmann, 1978, and Plume, 1984). The lower end of the larger 
drainages, including Flamingo and Las Vegas Wash, are now perennial streams for 
several reasons. In many areas the natural wash channels intersect the shallow ground­
water table. It is estimated that approximately 8,550 acre-feet per year seeps into the 
wash from shallow ground water (Colorado River Water Budget, 1989/90).
Construction projects that require the dewatering of shallow ground water often 
discharge the water directly into surface channels. Also, direct run-off from urban 
irrigation contributes flow into the washes, as does precipitation events.
Flow
The Flamingo Wash drainage basin, as shown in Figure 9, encompasses 
approximately 110 square miles, is more than 24 miles long, and originates in the 
mountains bordering the western Valley (French and Mizell, 1995). Storm drain 
diversions add another 7.1 square miles to the Flamingo Wash drainage basin (French 
and Mizell, 1995).
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Figure 9.~Locatlon of Flamingo Wash and other watersheds in the Los Vegas 
Valley Hydrographic Basin. (Modified from French & Mizell, 1995)
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Flamingo Wash enters the golf course as channelized surface-water flow at 
Nellis Blvd., but within 100 feet of entering the golf course, the flow is diverted by a 
drop structure into a 30-inch dry weather flow pipe that conveys the flow beneath 
Desert Rose Golf Course. The flow enters a 48-inch pipe approximately 2500 feet 
from the drop structure. This section of pipe continues for 260 feet and then resurfaces 
at the confluence with Las Vegas Wash near the southeastern part of the golf course. 
Wash flows in excess of the capacity of the pipe are transmitted through the golf course 
in a natural, grassed-lined channel.
In 1990, French and Mizell initiated a study that investigated the quantity and 
quality of dry weather (non-flood) flow in Flamingo Wash. To determine flow, an 
electromagnetic flow meter was installed in the 30-inch pipe and velocity and stage of 
the flow were collected five minutes each hour from June 1991 to May 1993.
After editing the flow data (removing anomalous values resulting from blocked 
channels or from flood events), French and Mizell determined that for the flow period 
of June 1991 through February 1992, the twenty-four hour flow rates could be 
described by a “. . . normal probability distribution with an average flow rate of 4.08 
cfs and a standard deviation of 0.60 cfs.” According to French and Mizell (1995), on 
the average, approximately 8.1 acre-feet per day flow through Desert Rose Golf 
Course. It should be noted that data from the period of February 1992 to May 1993 
was not included in this analysis because of a higher flow (5.35 cfs) resulting from a 
combination of increased dewatering of the shallow aquifer at construction sites and an 
increase in precipitation. Additionally, above average flows during the period of June 
1991 through February 1992 generally corresponded to the warmer months, when
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irrigation was at its peak. French and Mizell suggest using the lower flow (4.08 cfs) 
from a water resource planning viewpoint. To determine if there were any significant 
changes in the Flamingo Wash flow at DRGC, the same electromagnetic flow meter 
used for the French and Mizell (1995) study was reinstalled at the same location in the 
dry weather flow pipe. Measurements were collected once each hour August 18, 1994 
to October 11, 1994.
Since the reliability of wash water is essential for the success of this project, the 
low flow value from each day during this period was determined, plotted on a 
hydrograph, and presented in Figure 10. Anomalous data, resulting from blocked flow 
(extremely low value) or from flood events (very high values), were excluded. The 
average low flow for Flamingo Wash was 5.01 cfs with a standard deviation of 0.36 
cfs. Although the flow measurements collected during the 1994 period are greater than 
French and Mizell’s report, for conservative water resource planning purposes, and 
because there was a longer period of record during the 1991 - 93 data collection 
period, their 4.08 cfs value was used for this study. The raw flow data for this period 
can be found in Appendix D. Based on the 1995 peak average daily water requirement 
for DRGC of 1.25 million gallons (3.84 acre-feet), the average flow in Flamingo Wash 
of 8.1 acre feet per day is more than sufficient to meet the irrigation needs.
Water Quality
A total of three water quality samples were collected from three locations on or 
near Desert Rose Golf Course. Only two samples were collected at Flamingo Wash on 
February 1, 1995 due to nearby construction. The surface water sampling locations are
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shown in Figure 6. Field measurements were conducted for electrical conductivity 
(EC), pH, and temperature. Samples were also collected for major ion, TDS, boron, 
coliform, and nitrogen analysis. Chemical analysis results for surface water are listed 
in Table 10. Since Flamingo Wash was determined to be the most likely candidate as a 
potential surface water source, only the water quality from this wash was evaluated for 
irrigation suitability for the purposes of this study.
The criteria used to evaluate water quality for irrigation purposes established in 
the previous shallow ground-water section were also used to evaluate wash water. The 
EC of the irrigation water averaged 3865 umhos/cm (which is above the recommended 
3,(XX) indicated on Table 9). From Figure 8, using an irrigation water EC of 3865 
and a leaching fraction of 0.15, the rootzone salinity is approximately 6,100 
umhos/cm. This value is on the high end of acceptable for bermudagrass, but is not 
acceptable for direct application on ryegrass.
At an average of 0.99 mg/l, boron represents a potential concern. The adjusted 
SAR value for Flamingo Wash of approximately 8.5 fell well within the acceptable 
range of 1 to 15 SAR units. Fecal and total coliform bacteria were present.
However, as noted with the shallow ground water, disinfection would alleviate any 
potential problems.
One alternative not considered for this study was the installation of a water 
treatment facility. The cost of this type of facility tends to be prohibitive. Estimates 
for treatment facilities appropriate to treat high salinity water to irrigation standards 
would cost approximately $250,0(X) (Thompson, 1996). This cost includes the facility 
alone, and does not include operation or maintenance. In addition to the high cost of
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Table 10 (con't) -Surface water quality.
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Flamingo Wash
8/3/94
9/15/94
2/1/95*
Confluence
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3410
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0.8
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2/1/95 5.32 3840 1.38 0.02 <0.01 0.5 >1600 170 8.7
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the facility, there would be a need to determine a way to dispose of the waste stream 
generated from the advanced treatment.
Considering the fact that using wash water directly exceeds water quality 
parameters for the plant species present, the most reasonable solution was to blend 
wash water with other sources, like reuse water or potable water. The overall goal of 
blending was to bring the wash water to an acceptable quality for irrigation while 
reducing the overall demand on the potable water system during the peak demand 
summer months. Table 11 list several different scenarios of blended wash water.
Table 11 .-Various blends of available water resources.
BLEND RATIOS
GOAL: EC,  ̂< 3000 umhos/cm
Reuse Water + Flamingo Wash Potable water + Flamingo Wash
reuse % wash % Resulting EC,, potable % wash % Resulting EC„
30 70 3294 30 70 3006
40 60 3103 40 60 2719*
50 50 2913* 50 50 2433
60 40 2722 60 40 2146
* Selected for cost analysis.
Blends were calculated using EC values from available water resources including; 1) reuse water, 1960 
umhos/cm, 2) Flamingo Wash, 3865 umhos/cm, and 3) potable water, 1000 umhos/cm.
From the various combinations of water sources it appears blending wash water 
(60%) and potable water (40%) would bring the electrical conductivity to within an 
acceptable range. This scenario requires the least amount of potable water (to keep 
costs down) and still achieves the goal of EC less than 3000 umhos/cm. A second
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scenario, blending wash water (50%) and reuse (50%) would also bring the electrical 
conductivity to within an acceptable range, and would also meet the goal of reducing 
the demand on the potable water supply. Table 12 shows that the essential chemical 
parameter levels of either blend scenario are acceptable for turfgrass irrigation. As a 
result, these two scenarios were selected for cost analysis.
Based on the peak demand day of 1.25 million gallons of water needed for 
irrigation, using wash water to meet 50% of the demand would require a maximum
625,000 gallon per day diversion from Flamingo Wash.
Table 12.-Water quality of two blend scenarios.
Water
Parameters*
Recommended
Values
SCENARIO n  
50% reuse 
50% wash
SCENARIO n  
40% potable 
60% wash
EC 0-3000
umhos/cm
2913 2719
Boron 0 -2 mg/l 0.68 0.61
Adj. SAR 0 -1 5 7.6 7.4
pH 6.5 - 8.5 7.9 8.1
Fecal coliform is not included here because after disinfection it will not present a concern.
According to French and Mizell (1995) and the Clark County Regional Flood 
Control District’s 1992 report entitled, ‘‘24-Month Annual Report for Las Vegas Valley 
NPDES Stormwater Discharge Permit, " trace elements are not found in significant 
quantities in the dry weather flow in Las Vegas Valley and are not a serious water 
quality concern. The Clark County Regional Flood Control District (1992) also reports
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that urban pollutants, like phenols and hydrocarbons, are not usually present in dry 
weather flows, and when they are, the values are very low and therefore do not present 
a problem.
Based on this information, the water diverted for irrigation use at Desert Rose 
Golf Course should only occur during dry weather flows, and should not be used 
during rain events.
Diversion System Design and Operation 
The diversion system design began by utilizing previously collected data to 
determine the following parameters based on peak day demand:
1) Maximum flow required will be 625,000 gallons (450 gallons per 
minute) of water per day.
2) The distance from the point of diversion to the irrigation/holding pond is
1,000 feet.
3) The pump will operate for twenty-four hours per day.
4) The required lift is ten feet.
5) The low-flow pipe size at the point of diversion is 48-inch diameter.
A system capable of diverting Flamingo Wash water from the underground 48-inch dry 
weather flow pipe to the irrigation pond was designed.
A 12-inch diversion from the dry weather flow pipe will direct wash water 
into a precast concrete vault ten feet deep and five feet in diameter. A five horsepower 
centrifugal sump pump capable of handling solids of up to three inches in diameter will 
be installed. Most sand, gravels, and solid materials will be diverted upon entering the
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vault, and exit via a 12-inch PVC outlet pipe back into the wash. A bolt down, lift- 
assisted lid will be placed on top of the vault to allow access for cleaning or 
maintenance. The electrical control box will be housed in a vault next to the diversion 
system. Detailed design drawings for the diversion station are located on Plate 1.
A 6-inch PVC pipe will be installed from the point of diversion approximately
1,000 feet to the southeast part of the irrigation pond where it will connect to the 
existing reuse water line. A gate valve will be installed on the wash water line to 
prevent the backflow of reuse water into the wash.
An underground chlorination station, accessible through a manhole, will 
intercept the 6-inch discharge line. The chlorination station will be contained in a five 
foot deep and five foot in diameter concrete vault with a bolt down cover. At the 
maximiun pumping rate, the amount of chlorine (sodium hypochlorite) required for 14 
days, maintaining a chlorine residual of one part per million, is 91 gallons.
Therefore, the vault is designed to contain two 55 gallon drums of chlorine. A 
standard chlorination system, capable of adjusting chlorine added to the water based on 
amount of water pumped from the wash, is included in the design. Figure 11 shows 
the pipe layout in relation to the wash and pond and the location of the chlorination 
station. Detailed drawings for the chlorination station are located on Plate 1.
Supporting calculations including friction loss, chlorine dosage rates, and pump 
efficiency are located in Appendix E.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
CD-D
O
Q .
C
g
Q .
■o
CD
C/)
o '
=3
CD
8
3
c5'
3
CD
Cp.
CD
■o
Ic
aO3
-o
O
CD
Q .
OC
■o
CD
(/)
C/)
Point of  Diversion 6"\PVC
PIPE
POND
REUSE
LINE
Schematic drawing of the south part of 
Desert Rose Golf Course.
VEGAS VALLEY DRIVE
Figure 11.— Location of diversion point, chlorine station, and piping. cr>w
6 3
Cost Analysis
In 1995, the total water cost for Desert Rose Golf Course was $119,191 (as 
indicated in Table 5). While this cost is considered very low for most golf courses 
(Rincon, 1995), this project sought to provide an even more economical irrigation 
source, in addition to helping relieve summer demand on the potable water system.
Calculations were made to determine which of the two blends selected by the 
water quality parameters, potable and wash water versus reuse and wash water, would 
present the most economical choice for DRGC. As Table 13 indicates, at $49,220 per 
year, the combination of 50 percent reuse water and 50 percent wash water offers the 
lowest annual water cost of the two scenarios. Therefore, scenario number two will be 
utilized for further analysis.
The capital cost of the diversion system, which includes all material, 
equipment, labor, and unit costs, was estimated at $40,000. Water will be blended by 
the existing aeration pumps in the irrigation pond. All figures were calculated from the 
Means Site Work and Landscape Cost Data (1994) Guide and includes mobilization 
charges, insurance and bonds, and a 15 percent contingency. A detailed description of 
the capital costs can be found in Appendix F.
Using Flamingo Wash water blended with reuse water would result in additional 
aimual costs that are not incurred now. These include operation and maintenance to 
maintain and/or repair the system, electricity to run the pump, and the cost of chlorine 
for disinfection.
DRGC currently has an extensive operational system, and the superintendent of 
the golf course feels confident that the current ten-person maintenance crew can
R e p ro d u c e d  with p e rm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
6 4
Table 13.~Cost analysis on two blend scenarios (based on 1995 consumption).
Month Quantity
(million gallons 
per month)
Scenario #1
(40%potable/60% wash)
Scenario #2
(50% reuse/50% wash)
cost 40% 
potable*
($)
cost 60% 
wash water 
($)
50% reuse 
water 
($)
50% wash 
water 
($)
Jan 2.2 1,200 0 440 0
Feb 1.8 900 0 360 0
Mar 8.4 4,660 0 1,680 0
Apr 16.9 12,490 0 3,380 0
May 21.4 15,950 0 4,280 0
Jun 29.0 21,790 0 5,800 0
Jul 31.7 23,860 0 6,340 0
Aug 38.6 29,160 0 7,720 0
Sept 29.2 21,940 0 5,840 0
Oct 33.9 25,550 0 6,780 0
Nov 20.5 15,260 0 4,100 0
Dec 12.5 9,120 0 2,500 0
TOTAL $181,880 $49,220
* potable water cost based on Las Vegas Valley Water District rates effective January 1,1996.
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maintain the equipment at a minimal cost (Rincon, 1995). Operating and maintenance 
costs were assumed to be $3,000 per year for the purpose of this study. With the cost 
for electricity currently at $0.06 per kilowatt per hour, and the pump using 3.07 
kilowatts per hour, the maximum annual electrical cost is $1,615. The electricity cost 
is calculated assuming that the pump is in operation twenty-four hours per day. 
Approximately one - 55 gallon drum of sodium hypochloride (type of chlorine used for 
disinfection) is required each week. At a cost of $81.85 per drum, the annual cost for 
chlorine is $4,256.
Weekly water quality sampling for coliform is currently required of Desert 
Rose by the Nevada Division of Environmental Protection. Under the proposed 
program, no additional water quality sampling would be required. Table 14 shows the 
individual components for the capital and annual costs required for implementation of 
this project.
An examination of the financial impact that changing water supplies would have 
during the remaining eight years of the management contract is shown in Table 15.
Assuming an annual inflation rate of 3%, the cost of the current supply and 
proposed supply on a nominal and real basis was calculated. It was assumed that the 
financing for the capital cost of the diversion system was borrowed from a financial 
institution. The fimds were borrowed at a rate of 6.62%, which is equivalent to the 
ten-year treasury bill on January 28, 1997. The annual nominal and real values of the 
new supply (wash and reuse water) was compared to the current supply. Using the 
new supply of irrigation water would result in a significant savings in all eight years.
For the entire eight year period, the savings in nominal terms would be $492,004. In
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Table 14.—Capital and Annual Operating and Maintenance Costs Associated with Using 
Flamingo Wash Water for Turfgrass Irrigation at Desert Rose Golfcourse.
CAPITAL COST
Diversion system $40,000
includes material, equipment, labor, and 
15% contingency
CAPITAL COST TOTAL $40,000
ANNUAL OPERATING AND MAINTENANCE COSTS
Electricity
(cost of electricity is $0.06 per kilowatt/hr., 
pump uses 3.07 kilowatts per hour,
24 hours per day) $1,615
Chlorine for disinfection
(one - 55 gallon drum per week at $81.85 each) 4,256 
Operating and maintenance costs
(in addition to current O & M procedures) 3,(XX)
Cost of reuse water for blending 49,220
(from Table 13) _____________
ANNUAL COST TOTAL $58,091
* price quoted by EFFEX Analytical Services, 1995
** price quoted by Thatcher Chemical, 1996
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M aintaining Existing 
Supply Source
Annual Costs of Converting to New Supply (50% wash, 50% reuse) Savings Per Year Upon Conversion to 
New Supply
Annual cost of 
supply
Monthly 
amortized capital 
costs**
Total annual 
expense
nominal $* rcal$Ii-3% nominal $ real $n-3% nominal $ rc a lf nominal $ rta t$ nominal $ real $
Y c a r l $119,191 $119,191 $58,091 $58.091 $6.454 $6,454 $64.545 $64,545 $54,646 $54,646
Year 2 122,766 119,191 59,834 58,091 6,454 6,266 66,288 66,100 56,478 53,091
Y ear 3 126,766 119,191 61,629 58,091 6,454 6,083 68,083 67,712 58,683 51,479
Year 4 130,243 119,191 63,478 58,091 6,454 5.906 69,932 69,384 60,311 49,807
Y ears 134,151 119,191 65,382 58,091 6,454 5,734 71,836 71,116 62,315 48,075
Y ear 6 138,175 119,191 67,343 58,091 6,454 5,567 73,797 72,910 64,378 46,281
Y ear? 142,320 119,191 69,364 58,091 6,454 5,405 75,818 74,769 66,502 44,422
Y ears 146,590 119,191 71,445 58,091 6,454 5,248 77,899 76,693 68,691 42,498
TOTAL SAVINGS $492,004 $390,299
NOTE: Operating and maintenance and water quality analyses that would be the same regardless of the water supply used are not 
included in this analysis.
n  = inflation rate
* assumes costs of irrigation supply source increases at 3% annually
* *  assumes $40,(XX) capital cost borrowed at rale equivalent to 10-yea. treasury bill on January 28, 1997 of 6.62%
C T i
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real terms (what the decision means in today’s dollars), the savings would be 
$390,299.
Water Right and Legal Issues 
Implementation of a plan using Flamingo Wash water for irrigation at 
Desert Rose Golf Course is dependent on satisfying regulatory and permitting 
requirements. The areas of concern when planning to divert wash water for irrigation 
purposes include; 1) Nevada state regulations regarding the quality of water in regards 
to the potential for human contact, 2) Nevada water law, and 3) water resource 
concerns relating to return flow credits.
Nevada State W ater-(^lity  Regulations 
According to Walter Ross, an Environmental Engineer with the Nevada 
Division of Environmental Protection (NDEP), there are no irrigation guidelines in 
existence exclusively for wash water (personal communication, 1995). Mr. Ross did 
recommend using the irrigation guidelines established for the Use o f Treated Effluent 
fo r  Irrigation (NAG 445.176) when determining the acceptability of using Flamingo 
Wash water for irrigation. This regulation requires that an Effluent Management Plan 
(EMP) be submitted to the NDEP prior to the beginning of irrigation. The EMP must 
contain a site plan which includes location of effluent (wash water) storage, transfer 
structures, and flow diversions. It must also include a plan for notification to the 
public, distribution and application rates, irrigation scheduling, run-off control, and 
measures and procedures ensuring no off-site discharge. A complete copy of the EMP,
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irrigation, and water quality requirements found in the Guidance Document for Effluent 
Management Plan for Reuse o f Wastewater Effluent (February, 1993) and Nevada 
Division o f Environmental Protection Guidelines for Wastewater Treatment Plant 
Effluent Reuse (July, 1991) is presented in Appendices G and H, respectively. Desert 
Rose is currently required to file an EDP because the course is irrigated with reuse 
water. The plan would have to be adapted to include wash water.
The only water quality concern addressed by the state is the presence of 
coliform bacteria. Nevada Administrative Code 445.1765, entitled Spray irrigation: 
Requirements fo r  bacteriological quality and buffer zone limitations, states that treated 
effluent, or in this case Flamingo Wash water, that is used for spray irrigation, must 
meet bacteriological and buffer zone limitations. The smaller the buffer zone, the more 
strict the guidelines pertaining to the presence of fecal coliform.
For golf courses, where the buffer zone for human contact is zero, the water 
must maintain a thirty day geometric mean of 2.2 c.f.u. or MPN/lOOml, or a 
maximum of 23 c.f.u. over any thirty day period. Water quality samples are required 
to be collected from the storage facility on a weekly basis. Considering the fact there 
will be in-line chlorination on the diversion system, coliform bacteria should not be a 
concern.
Nevada Water Law
Under Title 48 and Nevada Revised Statute 533.025, all water sources within 
the boundaries of the state, whether above or beneath the surface of the ground, belong 
to the public. In Nevada, the State Engineer governs the appropriation of surface and
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ground water. This procedure is facilitated by the application and permitting process 
for the diversion and beneficial use of water resources. The applicant’s ability to put 
the water to beneficial use in a timely manner is one determining factor the state 
engineer employs before granting a permit to divert a particular water source. To 
constitute valid appropriation of water, there must be a diversion of the water with 
intent to apply it to beneficial use.
Once beneficial use has been determined by the applicant a form (0-4577, 7-89) 
entitled, “Application for Permit to Appropriate the Public Waters o f the State o f 
Nevada, " must be submitted to the State Engineer’s office. A copy of the application 
is presented in Appendix I.
This application contains several items including:
1) the source of proposed appropriation;
2) the amount of water required;
3) the proposed use of the water;
4) the place of use;
5) description of proposed works; and
6) map showing place of diversion and place of use
The application is submitted to the State Engineer with a two hundred and fifty dollar 
filing fee and is assigned an application number. When approved, a permanent permit 
number (same as the application number) is assigned and the applicant may proceed 
with diversion and use plans.
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According to NRS 533.371, the application may not be approved for any of the 
following reasons;
1) the application is incomplete;
2) the prescribed fees have not been paid;
3) there is no water available from the proposed source of supply without 
exceeding the perennial yield or safe yield of that source;
4) the proposed use conflicts with existing rights; or
5) the proposed use threatens to prove detrimental to the public interest.
It is not possible to predict whether the permit will be approved. Although, according 
to the State Engineer’s office there are currently no existing permits to divert Flamingo 
Wash water (Thiel, 1996).
Colorado River and Return Flow Credits
In 1935, the Nevada legislature created the Colorado River Commission (CRC) 
to oversee the state’s interest in issues pertaining to the Colorado River. Under NRS 
538.171, the CRC is t o * . . .  receive, protect and safeguard and hold in trust for the 
State of Nevada. . . ” all water and associated water rights in the Colorado River to 
which the state is entitled due to acts of Congress, agreements, compacts or treaties. 
One duty of the CRC is the computation of return flow credits.
Simply stated, return flow credits are calculated by measuring the total flow in 
Las Vegas Wash, and then subtracting flow that cannot be used for return flow credits 
(i.e., ground water, stormwater runoff). Since return flow credits represent an 
increase in the amount of Colorado River water that can be diverted from Lake Mead, 
any action that depletes the flow of Las Vegas Wash into Lake Mead may have a 
detrimental impact on the amount of return flow credits Nevada receives.
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According to the Southern Nevada Water Authority, only a portion of the 
Colorado River water that is diverted to municipal customers in the Valley is returned 
to the river. Nearly fifty percent of water used in the Valley is used outdoors. Instead 
of being returned to the river, the water evaporates, is consumed by plants, or 
recharges the shallow aquifer. Return flow credits consist primarily of wastewater 
resulting from indoor water usage (Southern Nevada Water Authority’s Annual Water 
Budget, 1994).
In 1993, of the total Las Vegas Wash flow measured by the U.S. Geological 
Survey at the official gauging station (133,862 acre feet), approximately 89 percent 
(119,449 acre feet) was credited as return flow (Southern Nevada Water Authority’s 
Annual Water Budget, 1994). The remaining 11 percent of the flow was determined to 
be from a non-Colorado River origin, and therefore not included in the credit. Using 
Flamingo Wash water at Desert Rose Golf Course would therefore represent a 1(X) 
percent benefit because all the water, Colorado River and non-Colorado River water, 
that would be diverted would be consumed.
The proposed diversion of Flamingo Wash is upstream from the wastewater 
treatment facility, and because return flow credits consist primarily of wastewater from 
indoor water useage, wash water is not considered a primary source of return flow 
credits. Also, the total diversion of wash water represents less than one-quarter of one 
percent of the total flow measured at the official gauging station. The amount diverted 
is significantly less than the range of error that occurs in the gauging station 
measurements.
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The U.S. Geological Survey uses four accuracy classifications to rate gauging 
station records. A rating of “excellent” means that about 95 percent of the daily 
discharges are within five percent of the true discharge; “good” within ten percent; 
“fair” within 15 percent; and “poor” means that daily discharges have a greater than 
15 percent error. According to the Water Resources Data report for water year 1994 
published by the U.S. Geological Survey, data collected from the official gauging 
station is “poor” (Clary, 1994). Accuracy is influenced by the stability of the stage- 
discharge relationship, or the stability of the channel. Las Vegas Wash is rated poor 
because of the great variability of the channel geometry with time.
The maximum annual diversion of 378 acre feet (50% of the total required for 
irrigation based on 1995 consumption) of Flamingo Wash water does not represent a 
significant impact on return flow credits and the diversion represents a 100 percent 
consumptive use benefit.
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CHAPTER 5
SUMMARY AND CONCLUSIONS 
The rapidly growing population in Las Vegas Valley, and the subsequent high 
demand placed on limited water resources, has prompted the need to locate alternative 
water sources. One recommendation from a citizen’s advisory committee was to 
further investigate water sources that are available in the Valley (shallow ground water 
and wash water), but have not been used because of high salinity.
This project examined the feasibility of converting from the current irrigation 
source (reuse water and potable water) to an alternative source (shallow ground water 
or wash water) at Desert Rose Golf Course. The study evaluated the resource 
characteristics, designed a diversion system capable of supplying the alternative water 
source, investigated water right and state irrigation regulations, and employed cost 
analysis to determine the economic feasibility of converting from the current irrigation 
source to an alternative one. The overall goals of the study were to provide DRGC an 
alternative, lower-cost irrigation supply, and provide water purveyors in southern 
Nevada with parameters that could be used in determining the feasibility of using 
alternative water sources at other sites.
Flamingo Wash was identified as the most feasible water source at DRGC. 
Diversion of approximately one-third of the flow during peak demand periods would
74
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provide enough water for a blend with reuse water. Blending wash water (50%) with 
reuse water (50%) is required to bring the water quality parameters (salinity, adjusted 
SAR, boron) to within an acceptable range for irrigation of nirfgrass. Installing an in­
line disinfection system would eliminate the concern of bacteria in regards to human 
contact.
Assuming the capital costs to implement the new irrigation source were 
borrowed from a financial institution, the savings on water to Desert Rose Golf 
Course, for the remaining eight years of the management contract, would be 
approximately $390,(X)0.
Diverting wash water would require a permit from the Nevada state engineer’s 
office. The effects of diversion on return flow credits is negligible. The Nevada 
Division of Environmental Protection requires that water quality samples be collected 
and analyzed for coliform bacteria on a weekly basis.
The study at Desert Rose Golf Course provides a profile of the parameters 
necessary to consider in evaluating other sites as to the feasibility of using shallow 
ground water or wash water for large-scale turf irrigation. The results suggest that 
using these resources, under the incorporation of best management practices, would 
provide a low-cost irrigation source to turf managers.
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CHAPTER 6
SUGGESTIONS FOR FUTURE RESEARCH 
To avoid hesitation on the part of turf managers to embrace a new irrigation 
source, for fear it may damage turf, it may be advantageous to implement the project 
on a small scale. For example, this methodology could be used on the fairway nearest 
Flamingo Wash. This opportunity should also be used to collect data and develop best 
management practices designed specifically for this water source.
The next step would be to identify other sites in the Valley that might be able to 
use these alternative water sources. The feasibility of each site could then be reviewed 
based on the criteria established in this study.
76
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Appendix A
Las Vegas Valley Water District 
Rate Schedule 
(amended June, 1996)
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SECTION 8  - RATE SCHEDULE
8.1 Metered Rates
Meter Size
Sendee Charge ItsteBiocica
Avf.DaByü*e Per 1,000 Gallou
S/I 10.1223 " Fin* 167
Next 333 51.42
Next 833 5142
Over 1J33 5247
3/4 10.1409 FtntZSO 50.98
Next 500 51.42
Next 1,450 51.92
Over2JOO 5247
I S0.17I0 Fit* 417 50.98
Next 133 51.42
Next 3,333 51.92
Over 4413 5247
I 1/2 S0.2707 Fust 133 5048
Next 1,667 51.42
Next 17400 5142
Over 20.000 5247
2 S0JS20 Fust 1433 5041
Next 2,667 51.42
Next 44400 5142
Over 41.000 5247
3 S0.67U Fust 2467 504#
Next 5433 51.42
Nexttt,000 5142
Over 96.000 5247
4 S1.0127 Fust 4,167 504#
Next #433 51.42
Next 445,133 5142
Over 451433 5247
6 *14402 Fust #433 50.9#
Next 16467 51.42
Next 641,667 5142
Over 666.667 5247
I S3.0S32 Fust 13433 5048
Next 26,667 51.42
Next 1,160,000 51.92
Over 1400,000 5247
10 S4J517 Fust 19,167 50.98
Next3#433 51.42
Next 1.475,#33 5142
Over 1433433 5247
12 S6J922 Fiisi 21433 50.98
Next 56,667 51.42
Next 2.111.667 51.92
Over 2466.667 5247
(from Us Vegas Valley W a t e r.ûlscrlct Service Rules, amended June 1996)
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Appendix B
Well driller’s logs and geologists 
summary of subsurface conditions for 
shallow ground water monitoring wells.
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o
w H rrE -oivisiO N  o f  watek  reso u rc e
CANARV-CUENTS COPY 
PINK-WELL DRILLER'S COPY
PRINT OR TYPE ONLY 
DO NOT WRITE ON BACK
STATE OF NEVADA 
DIVISION OF WATER RESOURCES
WELL DRILLER’S REPORT
Please complete this form in Ils enllrely In 
accordance with .NRS 534.170 and NAC 534 J4 0
o r n c E  USE only 80
Log N o.. 
Permit No. 
Basin
/ I I  I I  I ,  s ,  NOTICE OF INTENT N 0 . . J j s - l i 9 4 a i ^
L A 6  U 6 6 A * ,  I /A lL E a J  ( l / A T g g . ^ .j> T | a d d r e s s  a t  w e l l  L0CATI0N5 4 S 2 ). . . . .A L U 8 . W 0 U ,S E  
DRESS 7i7ciCL., ■'Ih&iUig-,..LftS— l\JV Æ ..! ^ --------
I. OWNER.
MAILING a d d r e s s ,
IAS UE6sAS & i V ^ / S 3 ,
. .  L O C A T IO N _A kÜ _ 'L  S e c . _ 3 ___________
PERMIT NO M l )  -   { j S y û r G Ç j . û j i
ADDRESS AT
(3.1 — n4 ) r — k  A - e -------- ÙLôAk^
Uwcd by WRitr R o w fc n
j io i
.County
SmM ivkwii Name
New Well 
□  Deepen
WORK PERFORMED 
□  Replace □  Recondition
O Abandon O Other-----------
I. PROPOSED USE l O - é ,
□  Domestic □  Irrigation □  Test
□  Municipal/Industrial Monitor O Slock
5 WELL TYPE
□  Cable g .  Rotary . O  RVC
□  Air M o th e r  A u g » £ i £ .
MmctmI WmrSOBM Prom To
Thick* Depth Drilled____23.------- Feel Depth Cased— -------- Feet
HOLE DlAMETERflBIT SIZE) 
Fima ToR i l l 0 4 l l
.*6 /L T L 7  . S A a j O q 4 S  Inches O Feel . 3 . S . .  Feet
eet» 5 A m 6 l ) %6i L T " • 2 2 - df loches Fees F
p I L T u ' d L A L / 2 2 . 2 2 , u . Inches Fees.. . Feel
iuAt^LiTT4 \ l T Z 6 1 ^ 5 9 r a e iw r :  c r w e n i i i  F
WeiituFi.
IFmmOst
Will ThKtacu 
IlnStMsI
Pram
(pMt)
To
iFm illnchesl
3 . . V 7 5 n.̂ a^ o . i s q Û 3-S
i r f o ra tio n _ i& .6 -D S A h !___^ *-0 T C ,.Tvoe *
Size pierforaimn— Q ...'.Q ,?rQ ------------  ....
F"»*!* 1 5 ---- feet to leol
F n .  feel in , feel
• Fnun .... feel lo _  feel
Surface Seal: B  Yes 0  No , Seal Type:
Depth o f  9e,i Q - I O . S 7 l Q i - l 2 i i  f lC tjr . □  Neat Cement 
Placement Method: □  P ^ * ^ « *  g
Gravel Packed: B  Yes 0  No
9. w a t e r  LEVEL
Static water 
Artesian Hot 
Water lempe
leve l. . feel below land surface 
-, PS  1G PM  _
rature  ■ ,*F Quality ................. .'-----------
10. DRILLER’S CERTIFICATION
0
Date stanrd S .
Date completoL
L/.Lu, .ie... m
Æ
19.
7. WELL TEST DATA
TEST METHOD: □  Bailer □  Pump □  Air UR
C PM. ,f .5 b 3 < S s1 ic1  Time IHmnI
This well was drilled under my supervision and ihe report is true to the 
best o f my knowledge.
« . . ^ T A o m A S  (-U 6M -__________________
4 ^ 7 0  _6o .°t^c/> e/;5 -_A u£.__
O
L as l/gfeAa ?07 t°H03
Nevada contractor’s license number 
issued by Ihe Sute  Contractor s Board-
Nevada driller's license number issued by the 
Division o f W aterR giaisces. the on-sitejJnl
Signed.
D ate.
ru iu i| M  MIS or coM ncior
USE A O O m O N A L  SHEETS (F  NECESSARY
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
8 1
Lufigeü Dy D. Alfonl
Ground Surface Qcvaiion: Net Measured
I/icaiKMi;
u y  VI iviwiiiiwiiiiy etcii iiw. iw
SUMMARY OF SUBSURFACE CONDITIONS
This log il pan of the repon prepared by Converse for this projcci and 
should be read with Ihe repon. This summary applies only at the 
kxaiion of the boring and ai Ihe lime of drilling. Subsurface conditions 
may differ at other locations and may change at this location with the 
passage of time. The data presented is a simplilicaiion of actual conditions 
encountered.
-2
M i l - fnn, (fry
SILTY SAND With Ctay (SM); light brown, diy
•m o is t
—wet soil conditions
SANDY SILT (SM); dork brown, wet
ii
SANDY SILT With d s y  (CL); brown, wet
SILTY CLAY WRh Sand (CL); brown, wet
CLAY With Sût sod Sand (CL); brown, wet
QAYWithSQt (CL); trace sand, brown, wet
II
Cnmndivatec #  Kidr 
Driving Weight and Drop: lb /  in
liiid of Bonng at 3S.0 feet
LAS VEGAS VALLEY WATER DISTRICT 
Dcaert Rooe Golf Comae 
LsnVegis, Nevmdm
PtojenNo.
93-33457-06
Converse Environmental 
Consultants Southwest, Inc.
Drawing N a
A-1
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L A O A N t - L U f c A l  S L U r i
pink- w e ll  DRILLER’S COPY
PRINT OR TY PE ONLY 
DO NOT W RITE ON BACK
DIVISION OF WATER RESOURCES 
WELL DRILLER’S REPORT
PIcuc complde this form in iu  cnlireiy in 
accordante wilb NRS 534.170 and NAC 534.340
Log Nu..._ 
Permit No 
B a s in ._ _
NOTICE OF INTENT NO
. .  LOCATION.— ^ - U J - 'v j y . € . c _ 'A  5 c c . _ 3 _  
PERMIT NO___
liwKd by Wattf Rnowfcc
Q. 1 -  iY0R........u.!&_E_ _dZÂ M Z .County
SubdivUHM N«me
5. WELL TYPE
^  New Well 
□  Deepen
WORK PERFORMED 
□  Replace □  Recondition
Q  Abandon O  O U i e r _ _
1. PROPOSED USE ( 3 —T
□  OomcHic □  Irrigation □  Test
□  Municipal/Indtiitnal JQ, Monitor □  Stock
TTCWA» I I r c
□  Cable □  Rotary □  RVC
□  Air B ro th e r  A l) 6 £ £ .
MmctuM WiicrSinu Fmm To
Thick-
acsi
Depth Dril led___ iJ 5 S i--------Feet Depth Cased— 5 . 3 _____ Feet
HOLE DIAMETER (BIT SIZE)
S. S’ j k  I -
F i l l 0 Lj a
f ' l A U  U l l T U  Ô I L T 4 l O 6 a
Ll a I i 1 0 1 4 4 In rh n  F m  Feet
eet.‘̂ A M a L ^ L O " - 1 4 . , f (g , 2 - Inches.............  Feet F
f ) l L T U  5 A N I D  ^ 2 0 4
a i c r u ' r i A N j t x /  (L l a w z o S e , If? Wciflu/Ft.
(POMIldl)
Will Thiekncu 
(luck*»)
Fmm
(Fceil
To
(Fetil1  ( t (lâchai
3 . 3 - 7 5 0 . 6 p 4 0 . 1 5 4 0 3 S
irfnmlinn ^ . .L F T ”Type PI
Size p e ^ t i o n ,  , , „ 0 . . ’. , f i > p --------  --------------------- ----------
From I V  1 . feet lo ,......„  , — feet
Fmm feel In  feel
Fmwi feel 10 feet
Surface Seal; Yes 0  No Seal Type:
Depth o f  Ce.1 Q- ( a e ' / f a ê - S e ' A a J P  Z i i -  Q Neat Cement
9 . w a t e r  LEVEL
Static water 
Artesian flov 
Water tempe
evel............................ —___________ feet below and surface
____ P.S.I.------  G PM
raturr *P Quality
10. DRILLER’S CERTIFICATION
o
Date started-
Date eomplei
This well was drilled under my supervision and the report is true to the 
best o f my knowledge.
o
7. WELL TEST DATA
AAA 4 ( ^ 0 7 0  c ^ ' ^ - S c A . e .  1 5  A - U & ,
TEST hlETHOD:
C.P.M.
□  Bailer □  Pu
Draw Down 
( ta t  Mom  Saiiel
mp □  Air Lift 
Tunc IHoural / A S  ( J E 6 A S  / C n r s A / o s  ..
Nevada contractor’s license number 
issued by the State Contractor’s Board. . .......  .
Nevada driller’s license number issued by the À À  1 ^  / _ Q
USE ADDITIONAL SHEETS IF NECESSARY
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7/5/W
0 . Alfonl
Dale Drilled;
Izigged Dy:  ___________
Ground Surface Qevation; 
Locaiion:
sg of Monitoring Weil No. 13
Nol Measured WI3T
SUMMARY OF SUBSURFACE CONDITIONS
This log is pan of ihe repon prepared by Convene for this project and 
should be read with Ihe report. This summary applies only at the 
location o f the boring and at the lime of drilling. Subsurface condiiions 
may differ at other locations and may change at this location with ihe 
passage o f time. The data presented is s simplification o f actual conditions 
encountered.
I'IlJa: tan, dry
- 4
CLAYWUh S3t (CL); meditim plasticity, medium brown, dry
CLAY (CL); brown, moist
SANDY SILT With d a y  (CL); brown, moist
SILTY SAND With Clqr (SM); brown, moist 
—wet
ÈILTY AND SANDY CLaY (ML); dork brown, wet
Groundwater @ IS j' 
Driving Weight and Drop:
i
ll I §H0)8d8
I
l b /  in
Endo(0onngat3SJ> leet
LAS VEGAS VALLEY WATER DISTRICT 
Deoert Roae Golf Co une 
LosVegaa, Nevada
Project No.
93-33467-05
Converse Environmental 
Consultants Southwest, Inc.
Drawing N a
A 3 -
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Appendix C 
Adjusted sodium adsorption equation 
and associated tables.
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Calcnladoii of Adjusted Sodium Adforption Ratio
The adjusted Sodium Adsorption Ratio (adj. SAR) is calculated from the following 
equation:
Na
adj. SAR - (1)Ca -f Mg {1 +  (8.4 -  pHc)l 
2
where Na, Ca, and Mg are in meq/( from the water analysis. A nomogram for deter­
mining Na/^ Ca +  Mg is presented in Figure 1. The value for pHc* is calculated
using the following equation:
pHc -  (pKi -  pKfc) -1- p(Ca -I- Mg) -F p(Alk) (2)
where
(pK: -  pKb) is obtained from Table 1 using the sum of Ca -f Mg in meq/i 
p(Ca + Mg) is obtained from Table 1 using the sum of Ca -t* Mg in meq/( 
p(Alk) is obtained from Table 1 using the sum of CO, +  HCO, in meq/(
An example of pHc calculation follows:
Given: Ca -  2,32 meq/t 
e... Mg -  1.44 meq/t
Na — 7,73 meq/i
/
8$
a n
Total -  11.49 meq/t
CO, ■ 0.42 meq/t 
HCO, -  3.66 meq/t
Total “  4.08 meq/t
Using the equation for pHc and substi­
tuting the values from Table 1, pHc can 
be calculated:
pHc -  2.2 -I- 2.7 -»- 14 -  7.3
Substituting in Equation 1, the adjusted 
SAR can be calculated:
•L'
•J" adj. SAR -
N
dn 
■
7.73
3J6 (1 -1- (8.4 -  7.3)1 
2
Ftiun I. Namogram tor dcttnuiuiag the SAR 
value ef Irrigstiee water aad for « d iiaù g  the cor-
adj. SAR -  5.64 -11 -  11.8 
Hgure 2 can be used to classify the soil
reopoadlag ESP value of a aod iftai if ai aquiUh- on the basis of the SAR and the conduc- 
Dv*rtmimt tfApieaU  y-yjjy gf jj,g jm'gation water. This classi-
______________ flcation system for evaluating irrigation
*pHe is a iheorctical, calculated pH o f the in ip tio n  water ia coaiact will, lime and in equilibrium wiUt soil 
CO;.
(from  Driscoll. 1983)
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Table I. Values for Three Terms used in Equation 2
Sum of 
Concentralion
______ (w«q/0______ pK*, -  pKc p(Ca + Mg) NAlk)
0.05 10 4.6 4.3
0.10 10 4.3 4.0
0.15 10 4.1 3.8
0.20 10 4.0 3.7
0.25 10 3.9 3.6
0.30 10 3.8 3.5
0.40 10 3.7 3.4
0.50 11 3.6 3.3
0.75 11 3.4 3.1
1.0 11 3.3 3.0
1.25 11 3.2 19
1.5 11 3.1 18
2.0 12 3.0 17
2.5 12 -1 9 16
3.0 12 18 15
4.0 12 17 14
5.0 12 16 13
6.0 12 15 1 2
8.0 13 14 11
10.0 13 13 10
12.5 13 12 1:9
15.0 13 11 1.8
20.0 14 10 1.7
30.0 14 1.8 1.5
50.0 15 1.6 1.3
80.0 15 1.4 1.1
potential for particular soils or waters is only a guideline. Each irrigation design requires 
individual care in adapting the water to soil type and cropping practices.
NOTE; Values of pHc above 8.4 indicate a tendency to dissolve lime from the soil 
through which the water moves; values below 8.4 indicate a tendency to preapitate
l im .f to m U K « te r .p p lW . ff,™  Do»o«. 19S5)
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Appendix D 
Raw flow data for Flamingo Wash 
collected from 
August 18,1994 through October 11,1994.
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1 HOUR ( ALL) AVERAGES
D a t e :  0 9 / 0 2 / 9 4  1 4 :4 1  F i l e :  A 001135A .481  
T50 DEMONSTRATION PROGRAM 
COPYRIGHT (C) 1990  MMI
M e t e r i n g  P e r i o d ;
0 8 / 1 8 / 9 4  1 2 :3 8  -  0 9 / 0 2 / 9 4  1 3 : 5 8
START FLO LEV VEL
D a te Time CFS i n . FPS
—— — — — —
0 8 / 1 8 1 2 : 5 8 5 .7 1 1 1 .0 6 3 . 3 0
0 8 / 1 8 1 3 : 5 8 5 . 6 4 8 . 9 6 4 . 4 7
0 8 / 1 8 1 4 : 3 8 5 . 2 6 8 . 7 6 4 . 3 2
0 8 / 1 8 1 5 : 5 8 4 . 9 9 8 . 5 6  . 4 . 2 4
0 8 / 1 8 1 6 : 5 8 4 . 7 1 8 . 4 6 4 . 0 8
0 8 / 1 8 1 7 :5 8 4 . 6 1 8 . 2 6 4 . 1 4
0 8 / 1 8 1 8 : 5 8 4 . 6 3 8 . 1 6 4 . 2 4
0 8 / 1 8 1 9 : 5 8 4 . 4 6 8 . 0 6 4 . 1 6
0 8 / 1 8 2 0 : 5 8 4 . 5 3 8 . 2 6 4 . 0 7
0 8 / 1 8 2 1 : 5 8 4 . 6 5 8 . 3 6 4 . 1 0
0 8 / 1 8 2 2 : 5 8 4 . 6 2 8 . 3 6 4 . 0 7
0 8 / 1 8 2 3 : 5 8 4 . 8 8 8 . 4 6 4 . 2 2
0 8 / 1 9 0 0 : 5 8 4 . 8 7 8 . 5 6 4 . 1 4
0 8 / 1 9 0 1 : 3 8 4 . 8 9 8 . 4 6 4 . 2 3
0 8 / 1 9 0 2 : 5 8 4 . 9 2 8 . 4 6 4 . 2 6
0 8 / 1 9 0 3 : 5 8 3 . 1 7 8 . 6 6 4 . 3 2
0 8 / 1 9 0 4 : 5 8 4 4 .0 1 3 2 . 7 6  ' 7 . 6 9
0 8 / 1 9 0 5 : 5 8 7 . 0 1 1 1 .7 6 3 . 7 0
0 8 / 1 9 0 6 : 3 8 4 . 2 7 8 . 8 6 3 . 4 4
0 8 / 1 9 0 7 : 5 8 1 9 .0 1 2 1 . 6 6 4 . 3 6
0 8 / 1 9 0 8 : 5 8 1 1 .3 3 1 6 .8 6 3 . 5 8
0 8 / 1 9 0 9 : 3 8 4 . 0 7 1 5 .4 6 1 . 4 3  -
0 8 / 1 9 1 0 : 5 8 0 . 7 7 1 4 .1 6 0 . 3 1
0 8 / 1 9 1 1 : 5 8 5 . 9 8 1 3 .3 6 2 . 6 2
0 8 / 1 9 1 2 : 5 8 7 . 1 3 1 0 . 3 6 4 . 5 4
0 8 / 1 9 1 3 : 3 8 6 . 9 7 1 0 .0 6 4 . 6 4
0 8 / 1 9 1 4 : 5 8 6 . 6 9 9 . 9 6 4 . 5 2
0 8 / 1 9 1 5 : 5 8 7 . 0 2 9 . 7 6 4 . 8 9
0 8 / 1 9 1 6 : 5 8 6 . 4 8 9 . 3 6 4 . 8 1
0 8 / 1 9 1 7 : 5 8 6 . 4 0 9 . 1 6 4 . 9 1
0 8 / 1 9 1 8 : 5 8 5 . 7 0 8 . 7 6 4 . 6 8
0 8 / 1 9 1 9 : 5 8 5 . 5 4 8 . 5 6 4 , 7 1
0 8 / 1 9 2 0 : 5 8 5 . 3 3 8 . 4 6 4 . 6 1
0 8 / 1 9 2 1 : 5 8 5 . 5 9 8 . 5 6 4 . 7 5
0 8 / 1 9 2 2 : 5 8 5 . 5 2 8 . 3 6 4 . 6 9
0 8 / 1 9 2 3 : 5 8 5 . 6 0 8 . 5 6 4 . 7 6
0 8 / 2 0 0 0 : 5 8 5 . 7 4 8 . 7 6 4 . 7 1
0 8 / 2 0 0 1 : 3 8 5 . 8 9 8 . 9 6 4 . 6 7
0 8 / 2 0 0 2 : 5 8 6 . 0 8 9 . 1 6 4 . 6 6
0 8 / 2 0 0 3 : 5 8 6 . 1 2 9 . 1 6 4 . 6 9
0 8 / 2 0 0 4 : 3 8 4 . 7 2 8 . 7 6 3 . 8 7
0 8 / 2 0 0 5 : 5 8 4 . 5 9 9 . 0 6 3 . 5 8
MARSH-MCBIRNEY , INC.
8 8
2 6 0  AO1133 
FLAMINGO_WASH_ 
DESERT_ROSE___
R e p o r t  P e r i o d  :
0 8 / 1 8 / 9 4  1 2 : 5 8  -  0 9 / 0 2 / 9 4  1 3 :5 8
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START FLO LEV VEL
D a te Time CFS i n . FPS
^  1 w  M  m ^  " — —  — ---- -
0 8 / 2 0 0 6 : 5 8 4 . 7 7 9 . 0 6 , 72
0 8 / 2 0 0 7 : 5 8 4 . 8 9 8 . 8 6 3 . 9 4
0 8 / 2 0 0 8 : 5 8 6 . 4 7 9 . 3 6 4 . 8 0
0 8 / 2 0 0 9 : 5 8 6 . 7 3 9 . 4 6 4 .9 1
0 8 / 2 0 1 0 : 5 8 6 . 5 5 9 . 3 6 4 . 8 6
0 8 / 2 0 1 1 :5 8 6 . 2 2 9 . 2 6 4 . 6 9
0 8 / 2 0 1 2 :5 8 5 . 9 3 9 . 0 6 4 . 6 2
0 8 / 2 0 1 3 :5 8 6 . 4 3 9 . 2 6 4 . 8 5
0 8 / 2 0 1 4 :5 8 5 .6 8 8 . 7 6 4 . 6 6
0 8 / 2 0 1 5 : 5 8 5 . 5 2 8 . 5 6 4 .6 9
0 8 / 2 0 1 6 : 5 8 5 .2 9 8 . 4 6 4 . 5 8
0 8 / 2 0 1 7 : 5 8 5 .0 8 8 . 3 6 4 . 4 8
0 8 / 2 0 1 8 :5 8 4 . 9 2 8 . 1 6 4 . 5 0
0 8 / 2 0 1 9 :5 8 4 . 8 7 8 . 0 6 4 . 5 4
0 8 / 2 0 2 0 : 5 8 4 . 9 7 8 . 1 6 4 . 5 5
0 8 / 2 0 2 1 : 5 8 4 . 8 1 8 . 1 6 4 . 4 0
0 8 / 2 0 2 2 : 5 8 5 . 1 5 8 . 2 6 4 . 6 2
0 8 / 2 0 2 3 : 5 8 5 .1 5 8 . 2 6 4 . 6 2
0 8 / 2 1 0 0 : 5 8 5 . 5 2 8 . 6 6 4 .6 1
0 8 / 2 1 0 1 : 5 8 5 . 5 7 8 . 6 6 4 . 6 5
0 8 /2 1 0 2 : 5 8 5 . 6 2 8 . 8 6 4 . 5 3
0 8 / 2 1 0 3 : 5 8 5 . 4 2 8 . 6 6 4 . 5 3
0 8 / 2 1 0 4 : 5 8 5 . 7 7 9 . 0 6 4 .5 0
0 8 / 2 1 0 5 : 5 8 5 .4 1 8 . 9 6 4 . 2 9
0 8 / 2 1 0 6 : 5 8 5 . 9 4 9 . 0 6 4 . 6 3
0 8 / 2 1 0 7 : 5 8 5 .8 1 9 . 0 6 4 . 5 3
0 8 / 2 1 0 8 : 5 8 6 . 1 9 9 . 2 6 4 . 6 7
0 8 / 2 1 0 9 : 5 8 6 . 4 3 9 . 3 6 4 .7 7
0 8 / 2 1 1 0 : 5 8 6 . 2 5 9 . 3 6 4 .6 4
0 8 / 2 1 1 1 : 5 8 6 . 0 0 9 . 0 6 4 . 6 8
0 8 / 2 1 1 2 : 5 8 5 . 4 3 8 . 5 6 4 . 6 2
0 8 / 2 1 1 3 : 5 8 5 . 4 6 8 . 5 6 4 . 6 4
0 8 / 2 1 1 4 : 5 8 5 . 3 8 8 . 4 6 4 . 6 6
0 8 / 2 1 1 5 : 5 8 5 . 0 8 8 . 2 6 4 . 5 6
0 8 / 2 1 1 6 : 5 8 5 . 1 3 8 . 2 6 4 .6 1
0 8 / 2 1 1 7 : 5 8 4 . 9 0 8 . 1 6 4 . 4 8
0 8 / 2 1 1 8 : 5 8 4 . 7 0 7 . 9 6 4 . 4 7
0 8 / 2 1 1 9 : 5 8 4 . 9 0 8 . 0 6 4 . 5 7
0 8 / 2 1 2 0 : 5 8 4 . 9 4 8 . 1 6 4 . 5 2
0 8 / 2 1 2 1 : 5 8 5 . 0 4 8 . 1 6 4 .6 1
0 8 / 2 1 2 2 : 5 8 4 . 7 2 8 . 0 6 4 . 4 0
0 8 / 2 1 2 3 : 5 8 4 . 8 8 8 . 1 6 4 . 4 6
0 8 / 2 2 0 0 : 5 8 4 . 7 9 8 . 1 6 4 . 3 8
0 8 / 2 2 0 1 : 5 8 5 . 1 2 8 . 2 6 4 .6 0
0 8 / 2 2 0 2 : 5 8 5 .3 1 8 . 4 6 4 . 6 0
0 8 / 2 2 0 3 : 5 8 5 . 2 4 8 . 3 6 4 . 6 2
0 8 / 2 2 0 4 : 5 8 5 . 5 5 8 . 8 6 4 . 4 8
0 8 / 2 2 0 5 : 5 8 5 . 4 2 8 . 8 6 4 .3 7
0 8 / 2 2 0 6 : 5 8 5 . 7 6 8 . 9 6 4 . 5 7
0 8 / 2 2 0 7 : 5 8 5 . 5 2 8 . 9 6 4 . 3 8
0 8 / 2 2 0 8 : 5 8 5 . 5 2 8 . 7 6 4 . 5 3
0 8 / 2 2 0 9 : 5 8 5 .4 1 8 . 5 6 4 . 6 0
0 8 / 2 2 1 0 : 5 8 5 . 4 7 8 . 5 6 4 . 6 5
marsh- m c b ir n e y , INC.
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START FLO LEV VEL
O a t* Time CFS i n . FPS
w " ——— -----
0 8 / 2 2 1 1 : 5 8 5 . 5 2 8 . 5 6 4 . 6 9
0 8 / 2 2 1 2 : 5 8 5 . 4 0 8 . 5 6 4 . 5 9
0 8 / 2 2 1 3 : 5 8 5 . 0 4 8 . 3 6 4 . 4 4
0 8 / 2 2 1 4 : 5 8 5 . 2 0 8 . 3 6 4 . 5 8
0 8 / 2 2 1 5 : 5 8 5 . 1 2 8 . 4 6 4 . 4 3
0 8 / 2 2 1 6 : 5 8 4 . 9 7 8 . 2 6 4 . 4 6
0 8 / 2 2 1 7 : 5 8 4 . 9 3 8 . 1 6 4 . 5 1
0 8 / 2 2 1 8 : 5 8 5 . 0 0 8 . 2 6 4 . 4 9
0 8 / 2 2 1 9 : 5 8 4 . 7 9 8 . 0 6 4 . 4 7
0 8 / 2 2 2 0 : 5 8 5 . 0 2 8 . 1 6 4 . 5 9
0 8 / 2 2 2 1 : 5 8 4 . 8 5 8 . 1 6 4 . 4 4
0 8 / 2 2 2 2 : 5 8 4 . 8 9 8 . 1 6 4 . 4 7
0 8 / 2 2 2 3 : 5 8 4 . 9 2 8 . 0 6 4 . 5 9
0 8 / 2 3 0 0 : 5 8 5 . 0 3 8 . 3 6 4 . 4 3
0 8 / 2 3 0 1 : 5 8 5 . 1 6 8 . 3 6 4 . 5 5
0 8 / 2 3 0 2 : 5 8 5 . 3 0 8 . 4 6 4 . 5 9
0 8 / 2 3 0 3 : 5 8 5 . 2 2 8 . 4 6 4 . 5 2
0 8 / 2 3 0 4 : 5 8 5 . 5 4 8 . 5 6 4 .7 1
0 8 / 2 3 0 5 : 5 8 5 . 3 4 8 . 6 6 4 . 4 6
0 8 / 2 3 0 6 : 5 8 5 .3 1 8 . 8 6 4 . 2 8
0 8 / 2 3 0 7 : 5 8 5 . 5 9 8 . 9 6 4 . 4 3
0 8 / 2 3 0 8 : 5 8 5 . 6 7 9 . 0 6 4 . 4 2
0 8 / 2 3 0 9 : 5 8 5 . 8 2 9 . 1 6 4 . 4 6
0 8 / 2 3 1 0 : 5 8 5 . 8 3 9 . 1 6 4 . 4 7
0 8 / 2 3 1 1 : 5 8 5 . 7 8 9 . 0 6 4 . 5 1
0 8 / 2 3 1 2 : 5 8 5 . 5 7 8 . 5 6 4 . 7 4
0 8 / 2 3 1 3 : 5 8 5 . 2 3 8 . 4 6 4 . 5 3
0 8 / 2 3 1 4 : 5 8 5 .2 1 8 . 4 6 4 . 5 1
0 8 / 2 3 1 5 : 5 8 5 . 1 1 8 . 3 6 4 . 5 0
0 8 / 2 3 1 6 : 5 8 4 . 9 7 8 . 2 6 4 . 4 6
0 8 / 2 3 1 7 : 5 8 4 . 9 0 8 . 2 6 4 . 4 0
0 8 / 2 3 1 8 : 5 8 4 . 8 9 8 . 2 6 4 . 3 9
0 8 / 2 3 1 9 : 5 8 4 . 9 6 8 . 2 6 4 . 4 5
0 8 / 2 3 2 0 : 5 8 5 . 0 7 8 . 3 6 4 . 4 7
0 8 / 2 3 2 1 : 5 8 5 . 0 9 8 . 3 6 4 . 4 9
0 8 / 2 3 2 2 : 5 8 5 . 0 8 8 . 3 6 4 . 4 8
0 8 / 2 3 2 3 : 5 8 5 . 2 2 8 . 4 6 4 . 5 2
0 8 / 2 4 0 0 : 5 8 5 . 0 7 8 . 4 6 4 . 3 9
0 8 / 2 4 0 1 : 5 8 5 . 0 9 8 . 4 6 4 . 4 1
0 8 / 2 4 0 2 : 5 8 5 . 3 2 8 . 5 6 4 . 5 2
0 8 / 2 4 0 3 : 5 8 5 . 5 6 8 . 6 6 4 . 6 4
0 8 / 2 4 0 4 : 5 8 5 . 4 7 8 . 6 6 4 . 5 7
0 8 / 2 4 0 5 : 5 8 5 . 5 7 8 . 9 6 4 . 4 2
0 8 / 2 4 0 6 : 5 8 5 . 8 6 9 . 1 6 4 . 4 9
0 8 / 2 4 0 7 : 5 8 5 . 6 6 9 . 0 6 4 . 4 1
0 8 / 2 4 0 8 : 5 8 5 . 7 0 9 . 2 6 4 . 3 0
0 8 / 2 4 0 9 : 5 8 5 . 8 4 9 . 1 6 4 . 4 8
0 8 / 2 4 1 0 : 5 8 5 . 8 9 9 . 1 6 4 . 5 2
0 8 / 2 4 1 1 : 5 8 5 . 5 5 9 . 0 6 4 . 3 3
0 8 / 2 4 1 2 : 5 8 5 . 5 3 8 . 7 6 4 . 5 4
0 8 / 2 4 1 3 : 5 8 5 . 3 5 8 . 6 6 4 . 4 7
0 8 / 2 4 1 4 : 5 8 5 . 2 4 8 . 5 6 4 . 4 6
0 8 / 2 4 1 5 : 5 8 5 . 0 8 8 . 5 6 4 . 3 2
MARSH-■MCBIRNEY , INC.
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START FLO LEV VEL
D a te Time CFS i n . FPS
— — — — ——— ---------
0 8 / 2 4 1 6 : 5 8 5 . 0 9 8 . 5 6 4 . 3 3
0 8 / 2 4 1 7 : 5 8 5 . 1 4 8 . 5 6 4 . 3 7
0 8 / 2 4 1 8 : 5 8 5 . 0 1 8 . 4 6 4 . 3 4
0 8 / 2 4 1 9 : 5 8 4 . 6 2 8 . 1 6 4 . 2 3
0 8 / 2 4 2 0 : 5 8 4 . 6 4 8 . 2 6 4 . 1 7
0 8 / 2 4 2 1 : 5 8 4 . 9 4 8 . 3 6 4 . 3 5
0 8 / 2 4 2 2 : 5 8 5 . 1 4 8 . 4 6 4 . 4 5
0 8 / 2 4 2 3 : 5 8 5 . 2 6 8 . 6 6 4 . 3 9
0 8 / 2 5 0 0 : 5 8 5 . 0 4 8 . 5 6 4 . 2 9
0 8 / 2 5 0 1 : 5 8 5 . 0 3 8 . 5 6 4 . 2 8
0 8 / 2 5 0 2 : 5 8 5 . 5 2 8 . 7 6 4 . 5 3
0 8 / 2 5 0 3 : 5 8 5 . 3 0 8 . 6 6 4 . 4 3
0 8 / 2 5 0 4 : 5 8 5 . 3 4 8 . 7 6 4 . 3 8
0 8 / 2 5 0 5 : 5 8 5 . 3 8 8 . 6 6 4 . 4 9
0 8 / 2 5 0 6 : 5 8 5 . 4 6 8 . 7 6 4 . 4 8
0 8 / 2 5 0 7 : 5 8 5 . 5 6 9 . 1 6 4 . 2 6
0 8 / 2 5 0 8 : 5 8 5 . 4 2 9 . 2 6 4 . 0 9
0 8 / 2 5 0 9 : 5 8 5 . 7 4 9 . 3 6 4 . 2 6
0 8 / 2 5 1 0 : 5 8 5 . 7 0 9 . 2 6 4 . 3 0
0 8 / 2 5 1 1 : 5 8 5 . 5 9 8 . 9 6 4 . 4 3
0 8 / 2 5 1 2 : 5 8 5 . 3 0 8 . 7 6 4 . 3 5
0 8 / 2 5 1 3 : 5 8 5 . 8 7 9 . 0 6 4 . 5 8
0 8 / 2 5 1 4 : 5 8 5 . 0 6 8 . 6 6 4 . 2 3
0 8 / 2 5 1 5 : 5 8 5 . 0 2 8 . 5 6 4 . 2 7
0 8 / 2 5 1 6 : 5 8 4 . 7 5 8 . 4 6 4 . 1 1
0 8 / 2 5 1 7 : 5 8 4 . 6 9 8 . 3 6 4 . 1 3
0 8 / 2 5 1 8 : 5 8 4 . 7 2 8 . 2 6 4 . 2 4
0 8 / 2 5 1 9 : 5 8 4 . 7 8 8 . 3 6 4 . 2 1
0 8 / 2 5 2 0 : 5 8 4 . 9 9 8 . 5 6 4 . 2 4
0 8 / 2 5 2 1 : 5 8 4 . 8 2 8 . 5 6 4 . 1 0
0 8 / 2 5 2 2 : 5 8 5 . 0 1 8 . 5 6 4 . 2 6
0 8 / 2 5 2 3 : 5 8 4 . 9 3 8 . 5 6 4 . 1 9
0 8 / 2 6 0 0 : 5 8 4 . 8 8 8 . 5 6 4 . 1 5
0 8 / 2 6 0 1 : 5 8 5 . 0 3 8 . 5 6 4 . 2 8
0 8 / 2 6 0 2 : 5 8 5 . 2 6 8 . 7 6 4 . 3 2
0 8 / 2 6 0 3 : 5 8 5 . 2 7 8 . 8 6 4 . 2 5
0 8 / 2 6 0 4 : 5 8 5 . 4 3 8 . 7 6 4 . 4 6
0 8 / 2 6 0 5 : 5 8 5 . 3 3 8 . 8 6 4 . 3 0
0 8 / 2 6 0 6 : 5 8 5 . 5 2 1 0 .9 6 3 . 2 3
0 8 / 2 6 0 7 : 5 8 5 . 7 9 1 1 .1 6 3 . 3 0
0 8 / 2 6 0 8 : 5 8 5 . 7 4 1 1 .2 6
0 8 / 2 6 0 9 : 5 8 5 . 5 7 1 1 .0 6 3 . 2 2
0 8 / 2 6 1 0 : 5 8 5 . 8 1 1 0 .9 6 3 . 4 0
0 8 / 2 6 1 1 : 5 8 5 . 7 6 1 1 .0 6 3 • 33
0 8 / 2 6 1 2 : 5 8 5 . 2 8 1 0 .6 6 3 . 2 2
0 8 / 2 6 1 3 : 5 8 5 . 2 2 1 0 .5 6 3 . 2 3
0 8 / 2 6 1 4 : 5 8 5 . 2 6 1 0 .4 6 3 . 3 0
0 8 / 2 6 1 5 : 5 8 5 . 1 3 1 0 .3 6 3 . 2 7
0 8 / 2 6 1 6 : 5 8 4 . 9 5 1 0 .4 6 3 . 1 1
0 8 / 2 6 1 7 : 5 8 4 . 9 7 1 0 .2 6 3 .  ”' l
0 8 / 2 6 1 8 : 5 8 5 . 1 2 1 0 .2 6 3 . 3 1
0 8 / 2 6 1 9 : 5 8 4 . 9 9 1 0 .0 6
0 8 / 2 6 2 0 : 5 8 4 . 9 1 1 0 .2 6 3 . 1 7
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START FLO LEV VEL
D a te Time CFS i n . FPS
----- ----- — —
0 8 / 2 6 2 1 : 5 8 5 . 0 8 I Cl, 16
0 8 / 2 6 2 2 : 5 8 5 .2 1 1 0 .3 6 3 . 3 2
0 8 /2 6 2 3 : 5 8 5 . 4 0 1 0 .5 6 3 . 3 4
0 8 / 2 7 0 0 : 5 8 5 . 2 6 1 0 .6 6 3 .  ^1
0 8 / 2 7 0 1 : 5 8 5 . 3 7 1 0 .7 6 3 . 2 3
0 8 / 2 7 0 2 : 5 8 5 . 5 7 9 . 3 6 4 . 1 3
0 8 / 2 7 0 3 : 5 8 5 . 6 2 9 . 2 6 4 . 2 4
0 8 / 2 7 0 4 : 5 8 6 . 0 8 9 . 3 6 4 . 5 1
0 8 / 2 7 0 5 : 5 8 5 . 9 0 9 . 2 6 4 . 4 3
0 8 /2 7 0 6 : 5 8 5 . 8 6 9 . 3 6 4 . 3 5
0 8 / 2 7 0 7 : 5 8 6 . 0 5 9 . 3 6 4 . 4 9
0 8 / 2 7 0 8 : 5 8 6 . 0 4 9 . 3 6 4 . 4 8
0 8 / 2 7 0 9 : 5 8 5 . 9 6 9 . 3 6 4 . 4 2
0 8 / 2 7 1 0 : 5 8 5 . 9 4 9 . 3 6 4 .4 1
0 8 / 2 7 1 1 : 5 8 5 . 9 1 9 . 2 6 4 . 4 6
0 8 / 2 7 1 2 : 5 8 5 . 9 0 9 . 2 6 4 . 4 3
0 8 / 2 7 1 3 : 5 8 5 . 7 6 9 . 1 6 4 . 4 2
0 8 / 2 7 1 4 : 5 8 5 . 7 0 8 . 8 6 4 . 6 0
0 8 / 2 7 1 5 : 5 8 5 . 1 7 8 . 6 6 4 . 3 2
0 8 / 2 7 1 6 : 5 8 5 . 1 9 8 . 5 6 4 .4 1
0 8 / 2 7 1 7 : 5 8 5 . 1 2 8 . 5 6 4 . 3 5
0 8 / 2 7 1 8 : 5 8 5 . 1 7 8 . 5 6 4 . 4 0
0 8 / 2 7 1 9 : 5 8 5 . 0 8 8 . 4 6 4 . 4 0
0 8 / 2 7 2 0 : 5 8 5 . 0 1 8 . 4 6 4 . 3 4
0 8 / 2 7 2 1 : 5 8 5 . 1 2 8 . 4 6 4 . 4 3
0 8 / 2 7 2 2 : 5 8 5 . 3 5 8 . 6 6 4 . 4 7
0 8 / 2 7 2 3 : 5 8 5 . 3 6 8 . 5 6 4 . 5 6
0 8 / 2 8 0 0 : 5 8 5 . 4 0 8 . 5 6 4 . 5 9
0 8 / 2 8 0 1 : 5 8 5 . 4 0 8 . 6 6 4 .5 1
0 8 / 2 8 0 2 : 5 8 5 . 4 2 8 . 6 6 4 . 5 3
0 8 / 2 0 0 3 : 5 9 5 . 4 2 8 . 6 6 4 . 5 3
0 8 / 2 8 0 4 : 5 8 5 . 4 6 8 . 7 6 4 . 4 3
0 8 / 2 8 0 5 : 5 8 5 . 5 6 8 . 6 6 4 . 6 4
0 8 / 2 8 0 6 : 5 8 5 . 6 4 8 . 8 6 4 . 5 5
0 8 / 2 8 0 7 : 5 8 5 . 7 2 9 . 1 6 4 . 3 9
0 8 / 2 8 0 8 : 5 8 5 . 7 0 9 . 1 6 4 . 3 7
0 8 / 2 8 0 9 : 5 8 6 . 0 2 9 . 2 6 4 . 5 4
0 8 / 2 8 1 0 : 5 8 5 . 5 9 9 . 1 6 4 . 2 9
0 8 / 2 8 1 1 : 5 8 5 . 5 3 8 . 6 6 4 . 6 2
0 8 / 2 8 1 2 : 5 8 5 . 2 4 8 . 5 6 4 . 4 6
0 8 / 2 8 1 3 : 5 8 5 . 2 9 8 . 6 6 4 . 4 2
0 8 / 2 8 1 4 : 5 8 5 . 2 1 8 . 5 6 4 . 4 3
0 8 / 2 8 1 5 : 5 8 5 . 1 6 8 . 5 6 4 . 3 9
0 8 / 2 8 1 6 : 5 8 5 . 4 3 8 . 5 6 4 . 6 2
0 8 / 2 8 1 7 : 5 8 5 . 2 4 8 . 5 6 4 . 4 6
0 8 / 2 8 1 8 : 5 8 5 . 1 3 8 . 4 6 4 . 4 4
0 8 / 2 8 1 9 : 5 8 4 . 9 7 8 . 4 6 4 . 3 0
0 8 / 2 8 2 0 : 5 8 4 . 8 6 8 . 3 6 4 . 2 8
0 8 / 2 8 2 1 : 5 8 4 . 9 5 8 . 3 6 4 . 3 6
0 8 / 2 8 2 2 : 5 8 5 . 0 3 8 . 4 6 4 . 3 5
0 8 / 2 8 2 3 : 5 8 5 . 0 6 8 . 3 6 4 . 4 6
0 8 / 2 9 0 0 : 5 8 5 . 3 0 8 . 4 6 4 . 5 9
0 8 / 2 9 0 1 : 5 8 5 . 0 0 8 . 4 6 4 . 3 3
MARSH-MC8IRNEY , INC.
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START FLO LEV VEL
D a te Tim e CFS i n . FPS
— — — ̂ ——— — —
0 8 / 2 9 0 2 : 5 8 5 . 2 9 8 . 5 6 4 . 5 0
0 8 / 2 9 0 3 : 5 8 5 . 4 7 8 . 5 6 4 . 6 5
0 8 / 2 9 0 4 : 5 8 5 . 6 4 8 . 7 6 4 . 6 3
0 8 / 2 9 0 5 : 5 8 5 . 4 0 8 . 6 6 4 .5 1
0 8 / 2 9 0 6 : 5 8 5 . 5 9 9 . 1 6 4 . 2 9
0 8 / 2 9 0 7 : 5 8 6 . 6 7 9 . 6 6 4 . 7 2
0 8 / 2 9 0 8 : 5 8 7 . 2 1 1 0 .3 6 4 . 5 9
0 8 / 2 9 0 9 : 5 8 7 . 3 6 1 0 .4 6 4 .6 2
0 8 / 2 9 1 0 : 5 8 7 . 0 2 1 0 .3 6 4 . 4 7
0 8 / 2 9 1 1 : 5 8 7 . 2 4 1 0 .3 6 4 .6 1
0 8 / 2 9 1 2 : 5 8 6 . 9 4 9 . 8 6 4 . 7 6
0 8 / 2 9 1 3 : 5 8 6 . 5 1 9 . 5 6 4 . 6 8
0 8 / 2 9 1 4 : 5 8 6 . 2 9 9 . 3 6 4 . 6 7
0 8 / 2 9 1 5 : 5 8 5 . 4 2 8 . 7 6 4 . 4 5
0 8 / 2 9 1 6 : 5 8 5 . 2 9 8 . 5 6 4 . 5 0
0 8 / 2 9 1 7 : 5 8 5 . 2 4 8 . 5 6 4 . 4 6
0 8 / 2 9 1 8 : 5 8 4 . 9 7 8 . 3 6 4 . 3 8
0 8 / 2 9 1 9 : 5 8 4 . 8 6 8 . 3 6 4 . 2 8
0 8 / 2 9 2 0 : 5 8 4 . 8 4 8 . 3 6 4 . 2 7
0 8 / 2 9 2 1 : 5 8 4 . 9 2 8 . 3 6 4 . 3 4
0 8 / 2 9 2 2 : 5 8 5 . 1 2 8 . 4 6 4 . 4 3
0 8 / 2 9 2 3 : 5 8 5 . 1 4 8 . 4 6 4 . 4 5
0 8 / 3 0 0 0 : 5 8 4 . 8 9 8 . 3 6 4 . 3 1
0 8 / 3 0 0 1 : 5 8 5 . 0 7 8 . 3 6 4 . 4 7
0 8 / 3 0 0 2 : 5 8 5 . 2 1 8 . 4 6 4 .5 1
0 8 / 3 0 0 3 : 5 8 5 . 2 1 8 . 5 6 4 . 4 3
0 8 / 3 0 0 4 : 5 8 5 . 3 4 8 . 5 6 4 . 5 4
0 8 / 3 0 0 5 : 5 8 5 . 1 3 8 . 4 6 4 .4 4
0 8 / 3 0 0 6 : 5 8 5 . 4 1 8 . 6 6 4 . 5 2
0 8 / 3 0 0 7 : 5 8 5 . 5 4 8 . 7 6 4 . 5 5
0 8 / 3 d 0 8 : 5 8 5 . 4 3 8 . 7 6 4 . 4 6
0 8 / 3 0 0 9 : 5 8 5 . 5 0 8 . 7 6 4 . 5 1
0 8 / 3 0 1 0 : 5 8 5 . 4 6 8 . 7 6 4 . 4 8
0 8 / 3 0 1 1 : 5 8 5 . 5 9 8 . 8 6 4 .5 1
0 8 / 3 0 1 2 : 5 8 5 . 4 8 8 . 7 6 4 . 5 0
0 8 / 3 0 1 3 : 5 8 5 . 2 8 8 . 5 6 4 . 4 9
0 8 / 3 0 1 4 : 5 8 5 . 1 0 8 . 5 6 4 .3 4
0 8 / 3 0 1 5 : 5 8 5 . 4 8 8 . 6 6 4 . 5 8
0 8 / 3 0 1 6 : 5 8 5 . 3 9 8 . 6 6 4 . 5 0
0 8 / 3 0 1 7 : 5 8 5 . 5 2 8 . 7 6 4 . 5 3
0 8 / 3 0 1 8 : 5 8 5 . 4 5 8 . 6 6 4 . 5 5
0 8 / 3 0 1 9 : 5 8 5 . 1 4 8 . 4 6 4 . 4 5
0 8 / 3 0 2 0 : 5 8 5 . 0 3 8 . 3 6 4 . 4 3
0 8 / 3 0 2 1 : 5 8 4 . 9 8 8 . 3 6 4 .3 9
0 8 / 3 0 2 2 : 5 8 5 . 1 6 8 . 4 6 4 . 4 7
0 8 / 3 0 2 3 : 5 8 5 . 1 3 8 . 5 6 4 . 3 6
0 8 / 3 1 0 0 : 5 8 5 . 3 9 8 . 5 6 4 . 5 8
0 8 / 3 1 0 1 : 5 8 5 . 5 0 8 . 6 6 4 . 5 9
0 8 / 3 1 0 2 : 5 8 5 . 7 9 8 . 7 6 4 . 7 5
0 8 / 3 1 0 3 : 5 8 5 . 7 4 8 . 8 6 4 . 6 3
0 8 / 3 1 0 4 : 5 8 5 . 5 9 8 . 7 6 4 . 5 9
0 8 / 3 1 0 5 : 5 8 5 . 6 0 8 . 6 6 4 . 6 8
0 8 / 3 1 0 6 : 5 8 5 . 7 7 9 . 2 6 4 . 3 5
MARSH-MCBIRNEY , INC.
R e p ro d u c e d  with pe rm iss ion  of th e  copyright ow ner .  F u r the r  rep roduction  prohibited  w ithout perm iss ion .
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START FLO LEV VEL
D a t e Tim* CFS i n . FPS
-----
0 8 / 3 1 0 7 : 5 8 5 . 6 9 9 . 0 6 4 . 4 4
0 8 / 3 1 0 8 : 5 8 5 . 8 9 9 . 2 6 4 . 4 4
0 8 / 3 1 0 9 : 5 8 5 . 7 0 9 . 1 6 4 . 3 7
0 8 / 3 1 1 0 : 5 8 5 . 7 5 8 . 9 6 4 . 5 6
0 8 / 3 1 1 1 : 5 8 5 . 7 4 8 . 3 6 4 . 6 3
0 8 / 3 1 1 2 : 5 8 5 . 4 2 8 . 6 6 4 . 5 3
0 8 / 3 1 1 3 : 5 8 5 . 3 0 8 . 5 6 4 . 5 1
0 8 / 3 1 1 4 : 5 8 5 . 7 2 8 . 8 6 4 . 6 1
0 8 / 3 1 1 5 : 5 8 5 . 5 7 8 . 7 6 4 . 5 7
0 8 / 3 1 1 6 : 5 8 4 . 9 6 8 . 4 6 4 . 2 9
0 8 / 3 1 1 7 : 5 8 5 . 0 3 8 . 5 6 4 . 2 8
0 8 / 3 1 1 8 : 5 8 5 . 1 6 8 . 5 6 4 . 3 9
0 8 / 3 1 1 9 : 5 8 4 . 7 7 8 . 2 6 4 . 2 8
0 8 / 3 1 2 0 : 5 8 5 .0 1 8 . 4 6 4 . 3 4
0 8 / 3 1 2 1 : 5 8 5 . 0 0 8 . 3 6 4 . 4 1
0 8 / 3 1 2 2 : 5 8 5 . 1 4 8 . 4 6 4 . 4 5
0 8 / 3 1 2 3 : 5 8 5 . 1 5 8 . 4 6 4 . 4 6
0 9 / 0 1 0 0 : 5 8 5 . 2 3 8 . 4 6 4 . 5 3
0 9 / 0 1 0 1 : 5 8 4 . 9 5 8 . 3 6 4 . 3 6
0 9 / 0 1 0 2 : 5 8 5 . 3 8 8 . 6 6 4 . 4 9
0 9 / 0 1 0 3 : 5 8 5 . 4 2 8 . 6 6 4 . 5 3
0 9 / 0 1 0 4 : 5 8 5 . 4 6 8 . 6 6 4 . 5 6
0 9 / 0 1 0 5 : 5 8 5 . 7 4 9 . 1 6 4 . 4 0
0 9 / 0 1 0 6 : 5 8 5 . 8 0 9 . 1 6 4 . 4 5
0 9 / 0 1 0 7 : 5 8 5 . 9 7 9 . 2 6 4 . 5 0
0 9 / 0 1 0 8 : 5 8 5 . 7 5 9 . 1 6 4 . 4 1
0 9 / 0 1 0 9 : 5 8 6 . 0 2 9 . 2 6 4 . 5 4
0 9 / 0 1 1 0 : 5 8 5 . 7 6 9 . 1 6 4 . 4 2
0 9 / 0 1 1 1 : 5 8 5 . 7 8 8 . 7 6 4 . 7 4
0 9 / 0 1 1 2 : 5 8 5 . 4 7 8 . 6 6 4 . 5 7
0 9 / O Î 1 3 : 5 8 5 . 1 7 8 . 5 6 4 . 4 0
0 9 / 0 1 1 4 : 5 8 5 . 2 3 8 . 4 6 4 . 5 3
0 9 / 0 1 1 5 : 5 8 5 . 1 4 8 . 4 6 4 . 4 5
0 9 / 0 1 1 6 : 5 8 5 . 1 5 8 . 4 6 4 . 4 6
0 9 / 0 1 1 7 : 5 0 4 . 8 0 8 . 2 6 4 , 3 1
0 9 / 0 1 1 8 : 5 8 4 . 8 0 8 . 1 6 4 . 3 9
0 9 / 0 1 1 9 : 5 8 4 . 6 9 8 . 2 6 4 . 2 1
0 9 / 0 1 2 0 : 5 8 4 . 7 4 8 . 2 6 4 . 2 6
0 9 / 0 1 2 1 : 5 8 4 . 9 1 8 . 2 6 4 . 4 1
0 9 / 0 1 2 2 : 5 8 4 . 7 4 8 . 2 6 4 . 2 6
0 9 / 0 1 2 3 : 5 8 4 . 9 5 8 . 2 6 4 . 4 4
0 9 / 0 2 0 0 : 5 8 5 . 0 8 8 . 5 6 4 . 3 2
0 9 / 0 2 0 1 : 5 8 5 . 2 8 8 . 5 6 4 . 4 9
0 9 / 0 2 0 2 : 5 8 5 . 4 1 8 . 6 6 4 . 5 2
0 9 / 0 2 0 3 : 5 8 5 . 4 2 8 . 5 6 4 . 6 1
0 9 / 0 2 0 4 : 5 8 5 . 4 9 8 . 5 6 4 . 6 7
0 9 / 0 2 0 5 : 5 8 5 . 5 0 8 . 6 6 4 . 5 9
0 9 / 0 2 0 6 : 5 8 5 . 6 0 8 . 5 6 4 . 7 6
0 9 / 0 2 0 7 : 5 8 5 . 6 5 8 . 6 6 4 . 7 2
0 9 / 0 2 0 8 : 5 8 5 . 6 8 8 . 7 6 4 . 6 6
0 9 / 0 2 0 9 : 5 8 6 . 8 5 9 . 9 6 4 . 6 3
0 9 / 0 2 1 0 : 5 8 6 . 5 1 9 . 4 6 4 . 7 5
0 9 / 0 2 1 1 : 5 8 5 . 9 5 9 . 2 6 4 . 4 9
MARSH-MCBIRNEY , INC.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited w ithout perm iss ion .
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START FLO LEV VEL
D a te  T im e CFS i n . FPS
0 9 / 0 2  1 2 : 5 8 5 .6 1 8 . 6 6 4 . 6 9
C o d e s :
K M u l t i p l y  d a t a  by 1 ,0 0 0  
M M u l t i p l y  d a t a  by 1 , 0 0 0 , 0 0 0  
-  No d a t a  f o r  p e r i o d  
* I n c o m p l e t e  d a t a  f o r  p e r i o d
^ S u r c h a r g e  ( l e v e l  g r e a t e r  t h a n  p i p e  h e i g h t )
MARSH-MCBIRNEY, INC.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
D a t e :  0 9 / 2 0 / 9 4  0 8 :0 1  F i l e :  
T50 DEMONSTRATION PROGRAM 
COPYRIGHT (C) 1990  MMI
1 HOUR (ALL) AVERAGES 
A 001135A .492
M e t e r i n g  P e r i o d :
0 9 / 0 2 / 9 4  1 3 : 1 2  -  0 9 / 1 3 / 9 4  0 8 :1 :
START FLO LEV VEL
D a te Tim e CFS i n . FPS
——— — —— —
0 9 / 0 2 1 3 : 1 2 5 . 5 0 8 . 6 6 4 . 5 9
0 9 / 0 2 1 4 : 1 2 5 . 3 4 8 . 5 6 4 . 5 4
0 9 / 0 2 1 5 : 1 2 5 . 3 2 8 . 5 6 4 . 5 2
0 9 / 0 2 1 6 : 1 2 5 . 0 8 8 . 4 6 4 . 4 0
0 9 / 0 2 1 7 : 1 2 4 . 7 8 8 . 0 6 4 . 4 6
0 9 / 0 2 1 8 : 1 2 3 . 9 6 8 . 0 6 3 . 6 9
0 9 / 0 2 1 9 : 1 2 4 . 7 0 8 . 1 6 4 . 3 0
0 9 / 0 2 2 0 : 1 2 4 . 6 1 8 . 1 6 4 . 2 2
0 9 / 0 2 2 1 : 1 2 4 . 8 2 8 . 2 6 4 . 3 3
0 9 / 0 2 2 2 : 1 2 4 . 9 3 8 . 2 6 4 . 4 3
0 9 / 0 2 2 3 : 1 2 4 . 9 0 8 . 1 6 4 . 4 8
0 9 / 0 3 0 0 : 1 2 5 . 0 2 8 . 2 6 4 . 5 1
0 9 / 0 3 0 1 : 1 2 5 . 0 1 8 . 2 6 4 . 5 0
' 9 / 0 3 0 2 : 1 2 5 . 2 9 8 . 3 6 4 . 6 6
, 9 / 0 3 0 3 : 1 2 5 . 2 7 6 . 4 6 4 . 5 6
0 9 / 0 3 0 4 : 1 2 5 . 4 3 8 . 5 6 4 . 6 2
0 9 / 0 3 0 5 : 1 2 5 . 4 7 8 . 6 6 4 . 5 7
0 9 / 0 3 0 6 : 1 2 5 . 6 3 8 . 9 6 4 . 4 6
0 9 / 0 3 0 7 : 1 2 5 . 5 2 8 . 9 6 4 . 3 8
0 9 / 0 3 0 8 : 1 2 5 . 7 1 8 . 9 6 4 . 5 3
0 9 / 0 3 0 9 : 1 2 5 . 6 4 8 . 9 6 4 . 4 7
0 9 / 0 3 1 0 : 1 2 5 . 7 5 8 . 6 6 4 . 8 0
0 9 / 0 3 1 1 : 1 2 5 . 6 0 8 . 6 6 4 . 6 8
0 9 / 0 3 1 2 : 1 2 5 . 2 9 8 . 4 6 4 . 5 8
0 9 / 0 3 1 3 : 1 2 5 . 4 8 8 . 5 6 4 . 6 6
0 9 / 0 3 1 4 : 1 2 5 . 4 2 8 . 5 6 4 . 6 1
0 9 / 0 3 1 5 : 1 2 5 . 2 1 8 . 4 6 4 . 5 1
0 9 / 0 3 1 6 : 1 2 5 . 0 6 8 . 3 6 4 . 4 6
0 9 / 0 3 1 7 : 1 2 4 . 7 5 8 . 0 6 4 . 4 3
0 9 / 0 3 1 8 : 1 2 4 . 6 6 8 . 0 6 4 . 3 5
0 9 / 0 3 1 9 : 1 2 4 . 7 2 7 . 9 6 4 . 4 9
0 9 / 0 3 2 0 : 1 2 4 . 5 5 7 . 9 6 4 . 3 3
0 9 / 0 3 2 1 : 1 2 4 . 7 8 8 . 0 6 4 . 4 6
0 9 / 0 3 2 2 : 1 2 4 . 9 2 8 . 1 6 4 . 5 0
0 9 / 0 3 2 3 : 1 2 5 . 2 0 8 . 3 6 4 . 5 8
0 9 / 0 4 0 0 : 1 2 5 . 2 1 8 . 3 6 4 . 5 9
0 9 / 0 4 0 1 : 1 2 5 . 2 9 8 . 3 6 4 . 6 6
0 9 / 0 4 0 2 : 1 2 5 . 4 7 8 . 5 6 4 . 6 5
•*»/04 0 3 : 1 2 5 . 3 4 8 . 4 6 4 . 6 2
. / 0 4 0 4 : 1 2 5 . 4 7 8 . 5 6 4 . 6 5
0 9 / 0 4 0 5 : 1 2 5 . 6 1 8 . 6 6 4 . 6 9
0 9 / 0 4 0 6 : 1 2 5 . 7 9 8 . 6 6 4 . 8 4
MARSH-MCBIRNEY , INC.
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START FLO LEV VEL
D a te Tim e CFS i n . FPS
" I " " " — — -------
0 9 / 0 4 0 7 : 1 2 6 . 0 5 a .  86 4 . 8 8
0 9 / 0 4 0 8 : 1 2 5 .8 5 9 .0 6 4 . 5 6
0 9 / 0 4 0 9 : 1 2 5 . 9 5 9 . 1 6 4 . 5 6
0 9 / 0 4 1 0 : 1 2 5 .8 9 9 . 0 6 4 . 5 9
0 9 / 0 4 1 1 : 1 2 5 .6 9 8 . 7 6 4 . 6 7
0 9 / 0 4 1 2 : 1 2 5 .3 6 8 . 5 6 4 . 5 6
0 9 / 0 4 1 3 : 1 2 5 .4 1 8 . 5 6 4 . 6 0
0 9 / 0 4 1 4 : 1 2 5 .4 9 8 . 5 6 4 . 6 7
0 9 / 0 4 1 5 : 1 2 5 . 4 2 8 . 5 6 4 . 6 1
0 9 / 0 4 1 6 : 1 2 5 .1 4 8 . 3 6 4 . 5 3
0 9 / 0 4 1 7 : 1 2 5 .0 5 8 . 3 6 4 . 4 5
0 9 / 0 4 1 8 : 1 2 5 . 0 7 8 . 2 6 4 . 5 5
0 9 / 0 4 1 9 : 1 2 5 . 0 7 8 .3 6 4 . 4 7
0 9 / 0 4 2 0 : 1 2 4 . 6 8 8 . 2 6 4 . 2 0
0 9 / 0 4 2 1 : 1 2 5 .1 8 8 . 3 6 4 . 5 7
0 9 / 0 4 2 2 : 1 2 5 . 2 9 8 . 3 6 4 . 6 6
0 9 / 0 4 2 3 : 1 2 5 . 4 6 8 . 3 6 4 . 8 1
0 9 / 0 5 0 0 : 1 2 5 .6 3 8 . 5 6 4 . 7 9
0 9 / 0 5 0 1 : 1 2 5 . 3 9 8 . 5 6 4 . 5 8
0 9 / 0 5 0 2 : 1 2 5 .9 9 9 . 0 6 4 . 6 7
0 9 / 0 5 0 3 : 1 2 5 .0 4 8 .7 6 4 . 1 4
0 9 / 0 5 0 4 : 1 2 5 . 8 5 8 .9 6 4 . 6 4
0 9 / 0 5 0 5 : 1 2 5 . 9 9 9 . 0 6 4 . 6 7
0 9 / 0 5 0 6 : 1 2 6 . 0 5 9 .1 6 4 . 6 4
0 9 / 0 5 0 7 : 1 2 6 . 0 2 9 . 0 6 4 . 6 9
0 9 / 0 5 0 8 : 1 2 6 . 1 9 9 . 2 6 4 . 6 7
0 9 / 0 5 0 9 : 1 2 6 . 2 7 9 . 2 6 4 . 7 3
0 9 / 0 5 1 0 : 1 2 6 . 2 6 9 .2 6 4 . 7 2
0 9 / 0 5 1 1 : 1 2 6 . 1 0 9 . 2 6 4 . 6 0
0 9 / 0 5 1 2 : 1 2 5 . 7 3 8 . 8 6 4 . 6 2
0 9 / 0 5  1 3 : 1 2 5 . 5 6 8 . 6 6 4 . 6 4
0 9 / 0 5 1 4 : 1 2 5 .7 8 8 .6 6 4 . 8 3
0 9 / 0 5 1 5 : 1 2 5 .3 6 8 . 5 6 4 . 5 6
0 9 / 0 5 1 6 : 1 2 5 .5 1 8 . 4 6 4 . 7 7
0 9 / 0 5 1 7 : 1 2 5 . 4 3 8 . 4 6 4 . 7 0
0 9 / 0 5 1 8 : 1 2 5 . 3 3 8 . 4 6 4 . 6 1
0 9 / 0 5 1 9 : 1 2 5 . 0 9 8 . 3 6 4 . 4 9
0 9 / 0 5 2 0 : 1 2 5 .2 1 8 . 3 6 4 . 5 9
0 9 / 0 5 2 1 : 1 2 5 .3 4 8 . 5 6 4 . 5 4
0 9 / 0 5 2 2 : 1 2 5 . 4 9 8 . 5 6 4 . 6 7
0 9 / 0 5 2 3 : 1 2 5 . 3 9 8 . 4 6 4 . 6 7
0 9 / 0 6 0 0 : 1 2 5 . 6 1 8 . 5 6 4 . 7 7
0 9 / 0 6 0 1 : 1 2 5 . 7 2 8 . 6 6 4 . 7 8
0 9 / 0 6 0 2 : 1 2 5 .7 5 8 . 6 6 4 . 8 0
0 9 / 0 6 0 3 : 1 2 5 .5 6 8 . 6 6 4 . 6 4
0 9 / 0 6 0 4 : 1 2 5 . 7 9 8 . 8 6 4 .6 7
0 9 / 0 6 0 5 : 1 2 5 . 9 5 8 . 7 6 4 . 8 8
0 9 / 0 6 0 6 : 1 2 6 . 1 8 9 . 2 6 4 . 6 6
0 9 / 0 6 0 7 : 1 2 6 . 0 2 8 . 9 6 4 . 7 7
J 9 / 0 6 0 8 : 1 2 5 . 7 0 8 . 8 6 4 . 6 0
0 9 / 0 6 0 9 : 1 2 6 . 2 7 9 .2 6 4 . 7 3
0 9 / 0 6 1 0 : 1 2 5 . 9 5 9 .0 6 4 . 6 4
0 9 / 0 6 1 1 : 1 2 5 . 9 2 8 . 7 6 4 . 8 6
MARSH--MCBIRNEY , INC.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited w ithout perm iss ion .
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START FLO LEV VEL
D a ta Tima CFS i n . FPS
——— -----*
0 9 / 0 6 1 2 : 1 2 5 . 8 2 3 . 7 6 4 . 7 8
0 9 / 0 6 1 3 : 1 2 5 .6 4 8 . 6 6 4 . 7 1
0 9 / 0 6 1 4 : 1 2 5 . 6 5 8 . 6 6 4 . 7 2
0 9 / 0 6 1 3 : 1 2 5 . 6 7 8 . 5 6 4 . 8 2
0 9 / 0 6 1 6 : 1 2 5 . 8 2 8 . 6 6 4 . 8 6
0 9 / 0 6 1 7 : 1 2 5 . 7 6 8 . 6 6 4 . 8 1
0 9 / 0 6 1 8 : 1 2 5 . 3 5 8 . 4 6 4 . 6 3
0 9 / 0 6 1 9 : 1 2 5 .2 6 8 . 3 6 4 , 6 4
0 9 / 0 6 2 0 : 1 2 4 . 9 9 8 . 4 6 4 . 3 2
0 9 / 0 6 2 1 : 1 2 5 . 2 2 8 . 4 6 4 . 5 2
0 9 / 0 6 2 2 : 1 2 5 . 1 6 8 . 3 6 4 . 5 5
0 9 / 0 6 2 3 : 1 2 5 . 1 3 8 . 3 6 4 . 5 2
0 9 / 0 7 0 0 : 1 2 5 . 2 8 8 . 3 6 4 . 6 5
0 9 / 0 7 0 1 : 1 2 5 . 5 6 8 . 5 6 4 . 7 3
0 9 / 0 7 0 2 : 1 2 5 . 7 2 8 . 6 6 4 . 7 8
0 9 / 0 7 0 3 : 1 2 5 . 6 3 8 . 6 6 4 . 7 0
0 9 / 0 7 0 4 : 1 2 5 . 7 6 8 . 7 6 4 . 7 3
0 9 / 0 7 0 5 : 1 2 5 . 5 6 8 . 5 6 4 . 7 3
0 9 / 0 7 0 6 : 1 2 5 . 7 9 8 . 6 6 4 . 8 4
0 9 / 0 7 0 7 : 1 2 5 . 7 2 8 . 6 6 4 . 7 8
0 9 / 0 7 0 8 : 1 2 5 . 7 6 8 . 6 6 4 . 8 1
0 9 / 0 7 0 9 : 1 2 5 . 7 9 8 . 7 6 4 . 7 5
0 9 / 0 7 1 0 : 1 2 5 . 8 6 8 . 7 6 4 . 8 1
0 9 / 0 7 1 1 : 1 2 5 . 6 5 8 . 6 6 4 . 7 2
0 9 / 0 7 1 2 : 1 2 5 . 5 3 8 . 5 6 4 . 7 0
0 9 / 0 7 1 3 : 1 2 5 . 5 4 8 . 6 6 4 . 6 3
0 9 / 0 7 1 4 : 1 2 5 . 7 0 8 . 7 6 4 . 6 8
0 9 / 0 7 1 5 : 1 2 5 . 6 2 8 . 5 6 4 . 7 8
0 9 / 0 7 1 6 : 1 2 5 . 1 4 8 . 4 6 4 . 4 5
0 9 / 0 7 1 7 : 1 2 4 . 9 6 8 . 2 6 4 . 4 5
0 9 / 0 7 1 8 : 1 2 5 . 0 7 8 . 2 6 4 . 5 5
0 9 / 0 7 1 9 : 1 2 4 . 8 3 8 . 1 6 4 . 4 2
0 9 / 0 7 2 0 : 1 2 4 . 7 5 8 . 1 6 4 . 3 5
0 9 / 0 7 2 1 : 1 2 5 . 1 0 8 . 2 6 4 . 5 8
0 9 / 0 7 2 2 : 1 2 5 . 2 3 8 . 3 6 4 . 6 1
0 9 / 0 7 2 3 : 1 2 5 . 3 0 8 . 4 6 4 . 5 9
0 9 / 0 8 0 0 : 1 2 5 . 5 3 8 . 5 6 4 . 7 0
0 9 / 0 8 0 1 : 1 2 5 . 2 7 8 . 4 6 4 . 5 6
0 9 / 0 8 0 2 : 1 2 5 . 4 3 8 . 5 6 4 . 6 2
0 9 / 0 8 0 3 : 1 2 5 . 4 7 8 . 5 6 4 . 6 5
0 9 / 0 8 0 4 : 1 2 5 . 5 2 8 . 6 6 4 . 6 1
0 9 / 0 8 0 5 : 1 2 5 . 6 4 8 . 7 6 4 . 6 3
0 9 / 0 8 0 6 : 1 2 5 . 9 4 8 . 9 6 4 . 7 1
0 9 / 0 8 0 7 : 1 2 5 . 8 7 9 . 0 6 4 . 5 8
0 9 / 0 8 0 8 : 1 2 6 . 4 2 9 . 3 6 4 . 7 6
0 9 / 0 8 0 9 : 1 2 6 . 1 8 9 . 2 6 4 . 6 6
0 9 / 0 8 1 0 : 1 2 5 . 8 3 8 . 9 6 4 . 6 2
0 9 / 0 8 1 1 : 1 2 5 . 7 9 8 . 9 6 4 . 5 9
0 9 / 0 8 1 2 : 1 2 5 . 8 8 8 . 8 6 4 . 7 4
0 9 / 0 8 1 3 : 1 2 5 . 3 6 8 . 4 6 4 . 6 4
0 9 / 0 8 1 4 : 1 2 5 . 3 9 8 . 4 6 4 . 6 7
0 9 / 0 8 1 5 : 1 2 4 . 9 4 8 . 3 6 4 . 3 5
0 9 / 0 8 1 6 : 1 2 4 . 9 1 8 . 2 6 4 . 4 1
MARSH--MCBIRNEY , INC.
R e p ro d u c e d  with pe rm iss ion  of th e  copyright ow ner .  F u r the r  reproduction  prohibited w ithout perm iss ion .
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START FLO LEV VEL
D a te Time CFS i n . FPS
——— ——
0 9 / 0 8 1 7 :1 2 4 .9 4 8 . 1 6 4 . 5 2
0 9 / 0 8 1 8 :1 2 4 . 6 5 8 . 0 6 4 . 3 4
0 9 / 0 8 1 9 : 1 2 5 .2 7 8 . 4 6 4 . 5 6
0 9 / 0 8 2 0 : 1 2 4 .9 7 8 . 2 6 4 . 4 6
0 9 / 0 8 2 1 : 1 2 5 . 0 8 8 . 2 6 4 . 5 6
0 9 / 0 8 2 2 : 1 2 5 .0 1 8 . 3 6 4 . 4 2
0 9 / 0 8 2 3 : 1 2 5 .1 4 8 . 3 6 4 . 5 3
0 9 / 0 9 0 0 : 1 2 5 . 1 8 8 . 3 6 4 . 5 7
0 9 / 0 9 0 1 : 1 2 5 . 0 9 8 . 4 6 4 .4 1
0 9 / 0 9 0 2 : 1 2 5 .4 4 8 . 5 6 4 . 6 3
0 9 / 0 9 0 3 : 1 2 5 .3 4 8 . 4 6 4 . 6 2
0 9 / 0 9 0 4 : 1 2 5 .5 9 8 . 5 6 4 . 7 5
0 9 / 0 9 0 5 : 1 2 5 .4 8 8 . 6 6 4 . 5 8
0 9 / 0 9 0 6 : 1 2 5 . 5 0 8 . 9 6 4 . 3 6
0 9 / 0 9 0 7 : 1 2 5 . 6 2 8 . 8 6 4 . 5 3
0 9 / 0 9 0 8 : 1 2 5 . 4 3 8 . 8 6 4 . 3 8
0 9 / 0 9 0 9 : 1 2 5 . 5 4 8 . 5 6 4 . 7 1
0 9 / 0 9 1 0 : 1 2 5 . 5 7 8 . 4 6 4 . 0 2
0 9 / 0 9 1 1 :1 2 5 . 6 0 8 . 5 6 4 . 7 6
0 9 / 0 9 1 2 : 1 2 5 . 3 7 8 . 4 6 4 . 6 5
0 9 / 0 9 1 3 : 1 2 5 . 0 8 8 . 2 6 4 . 5 6
0 9 / 0 9 1 4 : 1 2 5 .1 1 8 . 2 6 4 . 5 9
0 9 / 0 9 1 5 : 1 2 4 . 7 7 8 . 0 6 4 . 4 5
0 9 / 0 9 1 6 : 1 2 4 . 6 8 7 . 7 6 4 . 6 3
0 9 / 0 9 1 7 :1 2 4 . 7 9 7 . 8 6 4 . 6 4
0 9 / 0 9 1 8 : 1 2 4 . 6 7 7 . 8 6 4 . 5 3
0 9 / 0 9 1 9 :1 2 4 . 7 3 8 . 0 6 4 . 4 1
0 9 / 0 9 2 0 : 1 2 4 . 9 2 8 . 1 6 4 . 5 0
0 9 / 0 9 2 1 : 1 2 4 . 8 6 8 . 2 6 4 . 3 6
0 9 / 0 9 2 2 : 1 2 5 . 1 8 8 . 3 6 4 . 5 7
0 9 / 0 9 2 3 : 1 2 5 . 3 3 8 . 4 6 4 . 6 1
0 9 / 1 0 0 0 : 1 2 5 . 3 0 8 . 3 6 4 . 6 7
0 9 / 1 0 0 1 : 1 2 5 . 4 7 8 . 5 6 4 . 6 5
0 9 / 1 0 0 2 : 1 2 5 . 2 7 8 . 5 6 4 . 4 8
0 9 / 1 0 0 3 : 1 2 5 . 4 9 8 . 4 6 4 . 7 5
0 9 / 1 0 0 4 : 1 2 5 . 6 1 8 . 5 6 4 . 7 7
0 9 / 1 0 0 5 : 1 2 5 . 5 6 8 . 6 6 4 . 6 4
0 9 / 1 0 0 6 : 1 2 5 . 6 6 9 . 0 6 4 . 4 1
0 9 / 1 0 0 7 : 1 2 5 . 8 7 9 . 1 6 4 . 5 0
0 9 / 1 0 0 8 : 1 2 6 . 0 6 9 . 2 6 4 . 5 7
0 9 / 1 0 0 9 : 1 2 5 . 7 2 9 . 0 6 4 . 4 6
0 9 / 1 0 1 0 : 1 2 5 . 6 6 8 . 5 6 4 . 8 1
0 9 / 1 0 1 1 : 1 2 5 . 3 7 8 . 4 6 4 . 6 5
0 9 / 1 0 1 2 : 1 2 5 . 2 9 8 . 4 6 4 . 5 8
0 9 / 1 0 1 3 : 1 2 5 . 2 1 8 . 3 6 4 . 5 9
0 9 / 1 0 1 4 : 1 2 4 . 8 0 8 . 2 6 4 . 3 1
0 9 / 1 0 1 5 : 1 2 4 . 9 9 8 . 3 6 4 . 4 0
0 9 / 1 0 1 6 : 1 2 4 . 8 6 8 . 1 6 4 . 4 5
0 9 / 1 0 1 7 : 1 2 4 . 9 8 8 . 2 6 4 . 4 7
0 9 / 1 0 1 8 : 1 2 5 . 0 5 8 . 3 6 4 . 4 5
0 9 / 1 0 1 9 : 1 2 4 . 7 1 8 . 1 6 4 .3 1
0 9 / 1 0 2 0 : 1 2 4 . 7 0 8 . 0 6 4 . 3 8
0 9 / 1 0 2 1 : 1 2 4 . 8 6 8 . 1 6 4 . 4 5
MARSH-MCBIRNEY , INC.
R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited w ithout perm ission.
1 0 0
START FLO LEV VEL
D a ta Tim e CFS i n . FPS
— — ̂  — — — —
0 9 / 1 0 2 2 : 1 2 4 . 8 8 8 . 1 6 4 .4 6
0 9 / 1 0 2 3 : 1 2 5 .0 7 8 . 2 6 4 . 5 5
0 9 / 1 1 0 0 : 1 2 5 .2 4 8 . 3 6 4 . 6 2
0 9 / 1 1 0 1 : 1 2 5 .0 9 8 . 3 6 4 .4 9
0 9 / 1 1 0 2 : 1 2 5 . 4 6 0 . 5 6 4 .6 4
0 9 / 1 1 0 3 : 1 2 5 .3 1 8 . 4 6 4 .6 0
0 9 / 1 1 0 4 : 1 2 5 . 3 9 8 . 4 6 4 . 6 7
0 9 / 1 1 0 5 : 1 2 5 . 3 9 8 . 5 6 4 .5 8
0 9 / 1 1 0 6 : 1 2 5 .5 9 8 . 6 6 4 .6 7
0 9 / 1 1 0 7 : 1 2 5 . 5 3 8 . 6 6 4 .6 2
0 9 / 1 1 0 8 : 1 2 5 . 6 3 8 . 6 6 4 .7 0
0 9 / 1 1 0 9 : 1 2 5 .6 1 8 . 6 6 4 . 6 9
0 9 / 1 1 1 0 : 1 2 5 .6 0 8 . 5 6 4 .7 6
0 9 / 1 1 1 1 : 1 2 5 .2 4 8 . 3 6 4 . 6 2
0 9 / 1 1 1 2 : 1 2 5 . 3 5 8 . 4 6 4 . 6 3
0 9 / 1 1 1 3 : 1 2 5 . 0 8 8 . 3 6 4 . 4 8
0 9 / 1 1 1 4 : 1 2 5 .2 1 8 . 4 6 4 .5 1
0 9 / 1 1 1 5 : 1 2 5 . 0 7 8 . 3 6 4 .4 7
0 9 / 1 1 1 6 : 1 2 4 . 9 7 8 . 2 6 4 .4 6
0 9 / 1 1 1 7 : 1 2 4 . 8 0 8 . 1 6 4 . 3 9
0 9 / 1 1 1 8 : 1 2 4 . 8 2 8 . 1 6 4 .4 1
0 9 / 1 1 1 9 : 1 2 4 . 6 5 8 . 1 6 4 . 2 5
0 9 / 1 1 2 0 : 1 2 4 . 6 1 8 . 0 6 4 . 3 0
0 9 / 1 1 2 1 : 1 2 4 , 8 2 8 . 1 6 4 .4 1
0 9 / 1 1 2 2 : 1 2 5 .0 5 8 . 2 6 4 . 5 3
0 9 / 1 1 2 3 : 1 2 5 . 3 5 8 . 5 6 4 . 5 5
0 9 / 1 2 0 0 : 1 2 5 . 9 3 8 . 9 6 4 . 7 0
C • '1 2 0 1 : 1 2 5 . 6 7 8 . 8 6 4 . 5 7
0 ' . / l 2 0 2 : 1 2 5 . 6 8 8 . 7 6 4 . 6 6
0 9 / 1 2 0 3 : 1 2 5 .4 1 8 . 5 6 4 . 6 0
0 9 / 1 2 0 4 : 1 2 5 . 3 4 8 . 4 6 4 . 6 2
0 9 / 1 2 0 5 : 1 2 5 . 4 8 8 . 5 6 4 . 6 6
0 9 / 1 2 0 6 : 1 2 5 . 6 8 8 . 9 6 4 .5 0
0 9 / 1 2 0 7 : 1 2 5 . 5 6 8 . 7 6 4 . 5 6
0 9 / 1 2 0 8 : 1 2 5 . 8 8 8 . 8 6 4 .7 4
0 9 / 1 2 0 9 : 1 2 5 . 5 8 8 . 6 6 4 . 6 6
0 9 / 1 2 1 0 : 1 2 5 . 5 2 8 . 6 6 4 .6 1
0 9 / 1 2 1 1 : 1 2 5 . 2 5 8 . 3 6 4 . 6 3
0 9 / 1 2 1 2 : 1 2 5 . 1 6 8 . 3 6 4 . 5 5
0 9 / 1 2 1 3 : 1 2 4 . 7 2 7 . 9 6 4 . 4 9
0 9 / 1 2 1 4 : 1 2 4 . 4 3 7 . 7 6 4 .3 8
0 9 / 1 2 1 5 : 1 2 4 . 6 9 7 . 8 6 4 . 5 5
0 9 / 1 2 1 6 : 1 2 5 . 0 9 8 . 1 6 4 .6 6
0 9 / 1 2 1 7 : 1 2 4 . 6 9 8 . 0 6 4 . 3 7
0 9 / 1 2 1 8 : 1 2 4 . 5 7 7 .8 6 4 . 4 3
0 9 / 1 2 1 9 : 1 2 4 . 8 7 7 . 9 6 4 . 6 3
0 9 / 1 2 2 0 : 1 2 4 . 8 5 7 . 9 6 4 .6 1
0 9 / 1 2 2 1 : 1 2 5 . 1 5 8 . 1 6 4 .7 1
0 9 / 1 2 2 2 : 1 2 4 . 9 3 8 . 0 6 4 .6 0
0 9 / 1 2 2 3 : 1 2 5 . 0 2 7 . 9 6 4 .7 7
0 9 / 1 3 0 0 : 1 2 5 . 0 8 8 . 0 6 4 .7 4
0 9 / 1 3 0 1 : 1 2 5 . 1 0 8 . 0 6 4 .7 6
0 9 / 1 3 0 2 : 1 2 5 . 3 5 8 . 3 6 4 .7 2
MARSH-MCBIRNEY , INC.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited w ithout perm ission.
1 0 1
START FLO LEV VEL
D a te  T im e CFS i n . FPS
0 9 / 1 3  0 3 : 1 2 5 .3 8 8 .3 6 4 . 7 4
0 9 / 1 3  0 4 : 1 2 5 .3 8 8 .3 6 4 . 7 4
0 9 / 1 3  0 5 : 1 2 5 .3 8 8 .2 6 4 . 8 3
0 9 / 1 3  0 6 : 1 2 5 .5 2 8 .4 6 4 . 7 8
0 9 / 1 3  0 7 : 1 2 5 .6 6 8 .5 6 4 . 8 1
C o d e s :
K M u l t i p l y d a t a  by 1 ,0 0 0
M M u l t i p l y  d a t a  by 1 , 0 0 0 , 0 0 0
No d a t a  f o r  p e r i o d
I n c o m p l e t e  d a t a  f o r  p e r i o d
S u r c h a r g e  ( l e v e l  g r e a t e r  t h a n  p i p e  h e i g h t )
MARSH-MCBIRNEY, INC.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 hour (ALL) AVERAGES
D a t e :  0 9 / 2 8 / 9 4  0 9 : 5 2  F i l e :  A 0 0 1135A .490  
T50 DEMONSTRATION PROGRAM 
COPYRIGHT (C) 1990 MMI
M e t e r i n g  P e r i o d ;
0 9 / 1 3 / 9 4  0 8 : 3 8  -  0 9 / 2 7 / 9 4  0 9 : 5 8
START FLO LEV VEL
D a te  Time CFS i n . FPS
_ -r -m -,----» » M M ——— ——
0 9 / 1 3  0 8 : 5 8 5 . 8 2 8 . 6 6 4 . 8 6
0 9 / 1 3  0 9 : 3 8 5 . 7 0 8 . 5 6 4 . 8 5
0 9 / 1 3  1 0 : 5 8 5 . 7 5 8 . 5 6 4 . 8 9
0 9 / 1 3  1 1 : 5 8 5 . 7 0 8 . 5 6 4 . 8 5
0 9 / 1 3  1 2 : 5 8 5 . 4 7 8 . 3 6 4 . 8 2
0 9 / 1 3  1 3 : 5 8 5 . 3 7 8 . 3 6 4 . 7 3
0 9 / 1 3  1 4 : 5 8 5 . 6 3 8 . 4 6 4 . 8 7
0 9 / 1 3  1 5 : 5 8 5 . 3 8 8 . 2 6 4 . 8 3
0 9 / 1 3  1 6 : 5 8 5 . 2 0 8 . 2 6 4 . 6 7
0 9 / 1 3  1 7 : 5 8 5 .3 1 8 . 2 6 4 . 7 7
0 9 / 1 3  1 8 : 5 8 5 . 1 3 8 . 1 6 4 . 6 9
0 9 / 1 3  1 9 : 5 8 5 .1 0 8 . 1 6 4 . 6 7
0 9 / 1 3  2 0 : 5 8 4 . 9 5 8 . 1 6 4 . 5 3
0 9 / 1 3  2 1 : 5 8 5 . 5 1 3 . 3 6 4 . 8 6
0 9 / 1 3  2 2 : 5 8 5 . 4 0 8 . 3 6 4 . 7 6
0 9 / 1 3  2 3 : 5 8 5 . 4 6 8 . 4 6 4 , 7 3
0 9 / 1 4  0 0 : 5 8 5 .3 1 8 . 3 6 4 . 6 8
0 9 / 1 4  0 1 : 5 8 5 . 3 8 8 . 3 6 4 . 7 4
0 9 / 1 4  0 2 : 5 8 5 . 5 6 8 . 4 6 4 . 8 1
0 9 / 1 4  0 3 : 5 8 5 . 5 7 8 . 4 6 4 . 8 2
0 9 /1 4 '  0 4 : 5 8 5 . 3 7 8 . 4 6 4 . 6 5
0 9 / 1 4  0 5 : 5 8 6 . 2 7 9 . 2 6 4 . 7 3
0 9 / 1 4  0 6 : 5 8 6 . 9 0 9 . 9 6 4 . 6 6
0 9 / 1 4  0 7 : 5 8 6 . 9 8 9 . 7 6 4 . 8 6
0 9 / 1 4  0 8 : 5 8 6 . 5 8 9 . 3 6 4 . 8 8
0 9 / 1 4  0 9 : 5 8 6 . 3 0 9 . 1 6 4 . 8 3
0 9 / 1 4  1 0 : 5 8 5 . 7 9 8 . 6 6 4 . 8 4
0 9 / 1 4  1 1 : 5 8 5 . 6 6 8 . 5 6 4 . 8 1
0 9 / 1 4  1 2 : 5 8 5 . 5 6 8 . 5 6 4 . 7 3
0 9 / 1 4  1 3 : 5 8 5 . 3 8 8 . 3 6 4 . 7 4
0 9 / 1 4  1 4 : 5 8 5 . 2 0 8 . 2 6 4 . 6 7
0 9 / 1 4  1 5 : 5 8 5 .2 1 8 . 2 6 4 . 6 8
0 9 / 1 4  1 6 : 5 8 5 . 2 9 8 . 2 6 4 . 7 5
0 9 / 1 4  1 7 : 5 8 4 . 5 4 7 . 4 6 4 . 7 7
0 9 / 1 4  1 8 : 5 8 5 .2 1 8 . 2 6 4 . 6 8
0 9 / 1 4  1 9 : 5 8 5 . 1 7 8 . 2 6 4 . o 4
0 9 / 1 4  2 0 : 5 8 5 . 1 9 8 . 2 6 4 . 6 6
0 9 / 1 4  2 1 : 5 8 5 . 1 0 8 . 2 6 4 . 5 8
0 9 / 1 4  2 2 : 5 8 5 . 3 8 8 . 4 6 4 . 6 6
0 9 / 1 4  2 3 : 5 8 5 . 6 3 8 . 5 6 4 . 7 9
0 9 / 1 5  0 0 : 5 8 5 . 6 1 8 . 5 6 4 . 7 7
0 9 / 1 5  0 1 : 5 8 5 . 7 2 8 . 6 6 4 . 7 8
MARSH-MCBIRNEY , INC.
1 0 2
260 AO1135 
FLAMINGOJWASH, 
DESERT ROSE___
R e p o r t  P e r i o d :
0 9 / 1 3 / 9 4  0 8 : 5 8  -  0 9 / 2 7 / 9 4  0 9 : 5 8
R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.
1 0 3
START FLO LEV VEL
D a te T ime CFS i n . FPS
^ •  • • • • —— — -----
0 9 / 1 5 0 2 : 5 8 6 . 0 7 9 . 0 6 4 . 7 3
0 9 / 1 5 0 3 : 5 8 6 . 0 8 9 . 0 6 4 . 7 4
0 9 / 1 5 0 4 : 5 8 6 . 0 4 9 . 1 6 4 .6 3
0 9 / 1 5 0 5 : 5 8 6 . 0 8 9 . 0 6 4 . 7 4
0 9 / 1 5 0 6 : 5 8 5 .7 0 8 . 8 6 4 . 6 0
0 9 / 1 5 0 7 : 5 8 5 .7 9 8 . 8 6 4 .6 7
0 9 / 1 5 0 8 : 5 8 5 . 9 5 8 . 9 6 4 . 7 2
0 9 / 1 5 0 9 : 5 8 5 . 7 3 8 . 7 6 4 . 7 0
0 9 / 1 5 1 0 :5 8 5 . 3 5 8 . 4 6 4 . 6 3
0 9 / 1 5 1 1 :5 8 5 .9 1 8 . 6 6 4 . 9 4
0 9 / 1 5 1 2 : 5 8 5 .4 9 8 . 2 6 4 . 9 3
0 9 / 1 5 1 3 :5 8 5 .8 4 8 . 6 6 4 . 8 8
0 9 / 1 5 1 4 : 5 8 5 . 4 0 8 . 2 6 4 . 8 5
0 9 / 1 5 1 5 : 5 8 5 . 1 0 8 . 0 6 4 . 7 6
0 9 / 1 5 1 6 :5 8 5 . 2 5 8 . 3 6 4 . 6 3
0 9 / 1 5 1 7 :5 8 5 . 3 0 8 . 4 6 4 . 5 9
0 9 / 1 5 1 8 : 5 8 5 .4 9 8 . 4 6 4 , 7 5
0 9 / 1 5 1 9 : 5 8 5 . 2 9 8 . 4 6 4 . 5 8
0 9 / 1 5 2 0 : 5 8 5 . 1 2 8 . 2 6 4 . 6 0
0 9 / 1 5 2 1 : 5 8 5 .6 1 8 . 4 6 4 . 8 6
0 9 / 1 5 2 2 : 5 8 5 . 4 2 8 . 3 6 4 . 7 8
0 9 / 1 5 2 3 : 5 8 5 . 5 0 8 . 4 6 4 . 7 6
0 9 / 1 6 0 0 : 5 8 5 . 8 7 8 . 7 6 4 . 8 2
0 9 / 1 6 0 1 : 5 8 5 . 9 3 8 . 7 6 4 . 8 7
0 9 / 1 6 0 2 : 5 8 5 . 8 3 8 . 6 6 4 . 8 7
0 9 / 1 6 0 3 : 5 8 5 . 9 3 8 . 6 6 4 . 9 5
0 9 / 1 6 0 4 : 5 8 5 . 7 2 8 . 6 6 4 . 7 8
0 9 / 1 6 0 5 : 5 8 6 . 2 9 9 . 0 6 4 . 9 0
0 9 / 1 6 0 6 : 5 8 6 . 0 9 9 . 1 6 4 . 6 7
0 9 / 1 6 0 7 : 5 8 6 . 0 7 8 . 9 6 4 . 8 1
0 9 / 1 6 0 8 : 5 8 5 . 6 5 8 . 6 6 4 . 7 2
0 9 / 1 6 0 9 : 5 8 5 . 9 4 8 . 6 6 4 . 9 6
0 9 / 1 6 1 0 : 5 8 5 . 6 3 8 . 4 6 4 . 8 7
0 9 / 1 6 1 1 : 5 8 5 . 4 0 8 . 3 6 4 . 7 6
0 9 / 1 6 1 2 :5 8 5 . 4 6 8 . 3 6 4 .8 1
0 9 / 1 6 1 3 :5 8 5 . 0 0 8 . 1 6 4 . 5 7
0 9 / 1 6 1 4 : 5 8 5 . 1 2 8 . 3 6 4 .5 1
0 9 / 1 6 1 5 :5 8 5 . 4 8 8 . 5 6 4 . 6 6
0 9 / 1 6 1 6 : 5 8 5 . 5 2 8 . 5 6 4 . 6 9
0 9 / 1 6 1 7 :5 8 5 . 3 0 8 . 5 6 4 .5 1
0 9 / 1 6 1 8 : 5 8 5 . 3 7 8 . 4 6 4 . 6 5
0 9 / 1 6 1 9 : 5 8 5 . 2 2 8 . 4 6 4 . 5 2
0 9 / 1 6 2 0 : 5 8 4 . 9 8 8 . 3 6 4 . 3 9
0 9 / 1 6 2 1 : 5 8 5 . 2 2 8 . 4 6 4 . 5 2
0 9 / 1 6 2 2 : 5 8 5 .4 1 8 . 5 6 4 . 6 0
0 9 / 1 6 2 3 : 5 8 5 . 5 0 8 . 5 6 4 . 6 8
0 9 / 1 7 0 0 : 5 8 5 . 7 0 8 . 6 6 4 . 7 6
0 9 / 1 7 0 1 : 5 8 5 . 9 0 8 . 8 6 4 . 7 6
0 9 / 1 7 0 2 : 5 8 5 . 7 4 8 . 8 6 4 . 6 3
0 9 / 1 7 0 3 : 5 8 5 . 8 6 8 . 8 6 4 . 7 3
0 9 / 1 7 0 4 : 5 8 6 . 0 4 8 . 8 6 4 . 8 7
0 9 / 1 7 0 5 : 5 8 5 .9 1 8 . 8 6 4 . 7 7
0 9 / 1 7 0 6 : 5 8 5 . 8 6 8 . 8 6 4 . 7 3
MARSH-MCBIRNEY , INC.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 4
START FLO LEV VEL
O a t s Time CFS i n . FPS
M a s — — a—M — —  — -----------
0 9 / 1 7 0 7 : 3 8 5 . 8 2 8 . 7 6 4 . 7 8
0 9 / 1 7 0 8 : 9 8 5 .8 0 8 . 7 6 4 . 7 6
0 9 / 1 7 0 9 : 9 8 5 .6 9 8 . 6 6 4 . 7 5
0 9 / 1 7 1 0 : 9 8 5 . 7 3 8 . 6 6 4 . 7 9
0 9 / 1 7 1 1 : 9 8 5 .6 8 8 . 7 6 4 . 6 6
0 9 / 1 7 1 2 : 9 8 5 .5 0 8 . 6 6 4 . 5 9
0 9 / 1 7 1 3 : 9 8 5 .3 6 8 . 5 6 4 . 5 6
0 9 / 1 7 1 4 :9 8 5 .2 0 8 . 4 6 4 . 5 0
0 9 / 1 7 1 5 : 5 8 5 .3 9 8 . 5 6 4 . 5 8
0 9 / 1 7 1 6 : 9 8 4 . 9 8 8 . 3 6 4 . 3 9
0 9 / 1 7 1 7 :5 8 4 . 9 4 8 . 3 6 4 . 3 3
0 9 / 1 7 1 8 : 5 8 4 . 9 8 8 . 3 6 4 . 3 9
0 9 / 1 7 1 9 : 9 8 4 . 8 4 8 . 2 6 4 . 3 5
0 9 / 1 7 2 0 : 5 8 5 .0 7 8 . 3 6 4 . 4 7
0 9 / 1 7 2 1 : 9 8 5 .1 6 8 . 4 6 4 . 4 7
0 9 / 1 7 2 2 : 5 8 5 . 4 7 8 . 6 6 4 . 5 7
0 9 / 1 7 2 3 : 5 8 9 . 6 9 8 . 6 6 4 . 7 2
0 9 / 1 8 0 0 : 5 8 9 .9 9 8 . 5 6 4 . 7 5
0 9 / 1 8 0 1 : 5 8 6 . 2 4 9 . 2 6 4 .7 1
0 9 / 1 8 0 2 : 5 8 9 .9 1 9 . 1 6 4 . 5 3
0 9 / 1 9 0 3 : 5 8 9 . 8 9 9 . 0 6 4 . 5 9
0 9 / 1 8 0 4 : 5 8 5 .8 1 9 . 0 6 4 . 5 3
0 9 / 1 8 0 9 : 9 8 5 .7 8 9 . 1 6 4 . 4 3
0 9 / 1 8 0 6 : 5 8 6 . 1 6 9 . 3 6 4 . 5 7
0 9 / 1 8 0 7 : 9 8 6 . 2 2 9 . 1 6 4 . 7 7
0 9 / 1 8 0 8 : 5 8 9 . 6 4 8 . 7 6 4 . 6 3
0 9 / 1 8 0 9 : 9 8 9 .4 1 8 . 6 6 4 . 5 2
0 9 / 1 8 1 0 : 5 8 9 . 4 3 8 . 4 6 4 . 7 0
0 9 / 1 8 1 1 : 3 8 9 .4 1 8 . 4 6 4 . 6 8
0 9 / 1 8 1 2 : 9 8 9 . 6 3 8 . 9 6 4 . 7 9
0 9 / 1 8  1 3 : 9 8 9 . 6 2 8 . 9 6 4 . 7 8
0 9 / 1 8 1 4 : 5 8 9 . 4 9 8 . 5 6 4 . 6 7
0 9 / 1 8 1 9 : 9 8 9 . 6 0 8 . 6 6 4 . 6 8
0 9 / 1 8 1 6 : 3 8 9 . 6 8 8 . 7 6 4 . 6 6
0 9 / 1 8 1 7 : 5 8 9 . 8 2 8 . 8 6 4 . 6 9
0 9 / 1 8 1 8 : 9 8 9 . 7 9 8 . 8 6 4 . 6 4
0 9 / 1 8 1 9 : 9 8 9 . 5 9 8 . 7 6 4 . 5 9
0 9 / 1 8 2 0 : 9 8 9 . 7 5 8 . 8 6 4 . 6 4
0 9 / 1 8 2 1 : 9 8 6 . 1 1 9 . 0 6 4 . 7 6
0 9 / 1 8 2 2 : 9 8 9 . 9 6 9 . 0 6 4 . 6 9
0 9 / 1 8 2 3 : 9 8 5 . 9 9 8 . 9 6 4 . 7 5
0 9 / 1 9 0 0 : 9 8 6 . 0 9 9 . 0 6 4 . 7 5
0 9 / 1 9 0 1 : 9 8 6 . 3 9 9 . 1 6 4 . 8 7
0 9 / 1 9 0 2 : 5 8 6 . 2 6 9 . 4 6 4 . 5 7
0 9 / 1 9 0 3 : 9 8 6 . 6 4 9 . 5 6 4 . 7 7
0 9 / 1 9 0 4 : 9 8 6 . 6 7 9 . 6 6 4 . 7 2
0 9 / 1 9 0 9 : 9 8 6 . 7 6 9 . 8 6 4 . 6 4
0 9 / 1 9 0 6 : 9 8 6 . 0 8 9 . 4 6 4 . 4 4
0 9 / 1 9 0 7 : 9 8 5 .8 1 9 . 0 6 4 . 5 3
0 9 / 1 9 0 8 : 5 8 5 . 9 4 8 . 9 6 4 .7 1
0 9 / 1 9 0 9 : 9 8 5 . 6 7 8 . 8 6 4 . 5 7
0 9 / 1 9 1 0 : 5 8 5 . 8 0 8 . 7 6 4 . 7 6
0 9 / 1 9 1 1 : 9 8 5 . 5 8 8 . 6 6 4 . 6 6
MARSH-MCBIRNEY, INC.
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1 0 5
START FLO LEV VEL
D a te T im e CFS i n . FPS
M 1 ■ M —— — —
0 9 / 1 9 1 2 : 3 8 5 .6 9 8 . 7 6 4 . 6 7
0 9 / 1 9 1 3 : 5 8 5 .6 9 8 . 6 6 4 . 7 5
0 9 / 1 9 1 4 : 5 8 5 . 7 0 8 . 7 6 4 . 6 8
0 9 / 1 9 1 5 : 5 8 3 . 6 2 8 . 8 6 4 . 5 3
0 9 / 1 9 1 6 : 5 8 5 .6 9 8 . 8 6 4 . 5 9
0 9 / 1 9 1 7 : 5 8 1 8 .2 9 2 0 .3 6 4 . 5 2
0 9 / 1 9 1 8 : 5 8 3 7 . 3 2 3 1 . 1 6  " 6 . 5 2
0 9 / 1 9 1 9 : 5 8 3 6 . 2 3 3 0 . 5 6  •' 6 . 3 3
0 9 / 1 9 2 0 : 5 8 3 9 . 1 5 3 1 . 3 6 6 . 8 4
0 9 / 1 9 2 1 : 5 8 3 6 . 9 2 3 0 . 4 6 6 . 4 5
0 9 / 1 9 2 2 : 5 8 3 6 . 6 2 2 9 . 5 6 6 . 3 6
0 9 / 1 9 2 3 : 3 8 3 6 . 2 7 2 9 . 1 6 6 . 3 0
0 9 / 2 0 0 0 : 5 8 2 0 . 0 9 2 2 . 0 6 4 . 5 1
0 9 / 2 0 0 1 : 5 8 1 6 .8 2 1 9 .9 6 4 . 2 6
0 9 / 2 0 0 2 : 5 8 1 6 .8 8 1 8 .3 6 4 . 7 6
0 9 / 2 0 0 3 : 5 8 1 3 .5 6 1 6 .5 6 4 . 3 9
0 9 / 2 0 0 4 : 5 8 1 1 .8 6 1 5 .1 6 4 . 3 4
0 9 / 2 0 0 5 : 5 8 1 0 .0 2 1 4 .2 6 4 . 0 0
0 9 / 2 0 0 6 : 5 8 8 . 2 4 1 1 .0 6 4 . 7 6
0 9 / 2 0 0 7 : 5 8 7 . 8 1 1 0 .7 6 4 . 7 0
0 9 / 2 0 0 8 : 5 8 7 . 7 1 1 0 .5 6 4 . 7 7
0 9 / 2 0 0 9 : 3 8 7 . 4 7 1 0 .3 6 4 . 7 6
0 9 / 2 0 1 0 : 3 8 7 . 3 2 1 0 .2 6 4 . 7 3
0 9 / 2 0 1 1 : 5 8 6 . 7 4 9 . 5 6 4 . 8 4
0 9 / 2 0 1 2 : 5 8 6 . 9 0 9 . 7 6 4 . 5 3
0 9 / 2 0 1 3 : 5 8 6 . 7 1 9 . 8 6 4 . 6 0
0 9 / 2 0 1 4 : 5 8 6 . 1 3 9 . 2 6 4 . 6 2
0 9 / 2 0 1 3 : 5 8 9 . 8 0 9 . 0 6 4 . 5 2
0 9 / 2 0 1 6 : 5 8 6 . 7 4 9 . 4 6 4 . 9 2
0 9 / 2 0 1 7 : 9 8 6 . 9 4 9 . 2 6 4 . 9 3
0 9 / 2 0 1 8 : 5 8 6 . 0 0 8 . 6 6 5 . 0 1
0 9 / 2 0 1 9 : 5 8 6 . 4 0 9 . 3 6 4 . 7 5
0 9 / 2 0 2 0 : 5 8 6 . 9 8 9 . 3 6 4 . 8 8
0 9 / 2 0 2 1 : 5 8 2 4 . 3 9 2 3 . 8 6 5 . 0 2
0 9 / 2 0 2 2 : 5 8 2 9 . 7 7 2 3 . 4 6 5 . 4 0
0 9 / 2 0 2 3 : 9 8 1 3 . 3 9 1 7 .0 6 4 . 1 5
0 9 / 2 1 0 0 : 9 8 8 . 4 7 1 3 . 3 6 3 . 7 1
0 9 / 2 1 0 1 : 9 8 1 1 . 9 7 1 3 .0 6 5 . 4 2
0 9 / 2 1 0 2 : 9 8 9 . 9 2 1 1 .4 6 5 . 2 2
0 9 / 2 1 0 3 : 5 8 8 . 9 8 1 0 .8 6 5 . 0 9
0 9 / 2 1 0 4 : 9 8 8 . 4 1 1 0 .8 6 4 . 9 9
0 9 / 2 1 0 9 : 5 8 7 . 8 6 1 0 .1 6 5 . 1 5
0 9 / 2 1 0 6 : 5 8 7 . 2 2 9 . 7 6 5 . 0 3
0 9 / 2 1 0 7 : 9 8 7 . 1 8 9 . 5 6 5 . 1 6
0 9 / 2 1 0 8 : 9 8 6 . 9 0 9 . 3 6 5 . 1 2
0 9 / 2 1 0 9 : 9 8 6 . 8 9 9 . 3 6 5 . 0 8
0 9 / 2 1 1 0 : 9 8 7 . 0 1 9 . 4 6 5 . 1 2
0 9 / 2 1 1 1 : 9 8 7 . 1 8 9 . 5 6 5 . 1 6
0 9 / 2 1 1 2 : 9 8 6 . 8 7 9 . 3 6 5 . 1 0
) 9 / 2 1 1 3 : 9 8 6 . 3 5 9 . 1 6 4 . 8 7
0 9 / 2 1 1 4 : 5 8 5 . 9 7 8 . 7 6 4 . 9 0
0 9 / 2 1 1 5 : 9 8 6 . 0 1 8 . 7 6 4 . 9 3
0 9 / 2 1 1 6 : 9 8 5 . 7 6 8 . 6 6 4 .8 1
MARSH-MCBIRNEY, INC.
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1 0 6
START FLO LEV VEL
D a te Tim e CFS i n . FPSM ■ S ™ — ———
0 9 / 2 1 1 7 : 5 8 5 . 7 5 8 . 6 6 4 . 8 0
0 9 / 2 1 1 8 : 5 8 5 . 9 3 8 . 6 6 4 . 9 5
0 9 / 2 1 1 9 :5 8 5 .7 5 8 . 6 6 4 . 8 0
0 9 /2 1 2 0 : 5 8 5 .8 8 8 . 6 6 4 . 9 1
0 9 / 2 1 2 1 : 5 8 5 .8 5 8 . 9 6 4 . 6 4
0 9 / 2 1 2 2 : 5 8 5 . 8 7 8 . 9 6 4 . 6 5
0 9 /2 1 2 3 : 5 8 5 .8 9 8 . 9 6 4 . 6 7
0 9 / 2 2 0 0 : 5 8 5 .9 6 9 . 0 6 4 . 6 5
0 9 / 2 2 0 1 : 5 8 5 .9 5 9 . 0 6 4 . 6 4
0 9 / 2 2 0 2 : 5 8 6 . 2 5 9 . 1 6 4 . 7 9
0 9 / 2 2 0 3 : 5 8 6 . 1 9 9 . 1 6 4 . 7 5
0 9 / 2 2 0 4 : 5 8 6 . 1 8 9 . 2 6 4 . 6 6
0 9 / 2 2 0 5 : 5 8 6 . 5 1 9 . 2 6 4 . 9 1
0 9 / 2 2 0 6 : 5 8 6 . 5 4 9 . 3 6 4 . 8 5
0 9 / 2 2 0 7 : 5 8 7 . 3 0 1 0 .0 6 4 . 8 6
0 9 / 2 2 0 8 : 5 8 6 . 8 3 9 . 3 6 5 . 0 7
0 9 / 2 2 0 9 : 5 8 6 . 3 6 9 . 2 6 4 . 8 0
0 9 / 2 2 1 0 : 5 8 7 . 6 0 1 0 .2 6 4 . 9 1
0 9 / 2 2 1 1 : 5 8 7 . 1 5 9 . 9 6 4 . 8 3
0 9 / 2 2 1 2 : 5 8 7 . 1 7 9 . 5 6 5 . 1 5
0 9 / 2 2 1 3 : 5 8 7 . 1 7 9 . 5 6 5 . 1 5
0 9 / 2 2 1 4 : 5 8 6 . 5 2 9 . 2 6 4 . 9 2
0 9 / 2 2 1 5 : 5 8 6 . 1 4 9 . 1 6 4 . 7 1
0 9 / 2 2 1 6 : 5 8 6 . 0 8 9 . 0 6 4 . 7 4
0 9 / 2 2 1 7 : 5 8 5 . 8 7 8 . 9 6 4 . 6 5
0 9 / 2 2 1 8 : 5 8 5 . 7 3 8 . 5 6 4 . 8 7
0 9 / 2 2 1 9 : 5 8 5 .6 8 8 . 5 6 4 . 8 3
0 9 / 2 2 2 0 : 5 8 5 . 6 6 8 . 5 6 4 . 8 1
0 9 / 2 2 2 1 : 5 8 5 . 8 3 8 . 6 6 4 . 8 7
0 9 / 2 2 2 2 : 5 8 5 . 5 6 8 . 7 6 4 . 5 6
0 9 / 2 2 2 3 : 5 8 5 . 8 8 8 . 8 6 4 . 7 4
0 9 / 2 3 0 0 : 5 8 5 . 8 5 8 . 9 6 4 . 6 4
0 9 / 2 3 0 1 : 5 8 6 . 0 8 9 . 1 6 4 . 6 6
0 9 / 2 3 0 2 : 5 8 5 . 9 9 9 . 0 6 4 . 6 7
0 9 / 2 3 0 3 : 5 8 6 . 2 6 9 . 1 6 4 . 8 0
0 9 / 2 3 0 4 : 5 8 6 . 1 3 9 . 2 6 4 . 6 2
0 9 / 2 3 0 5 : 5 8 6 . 1 8 9 . 2 6 4 . 6 6
0 9 / 2 3 0 6 : 5 8 6 . 1 5 9 . 2 6 4 . 6 4
0 9 / 2 3 0 7 : 5 8 6 . 4 6 9 . 3 6 4 . 7 9
0 9 / 2 3 0 8 : 5 8 6 . 3 5 9 . 2 6 4 . 7 9
0 9 / 2 3 0 9 : 5 8 7 . 2 0 9 . 8 6 4 . 9 4
0 9 / 2 3 1 0 : 5 8 7 . 8 2 1 0 . 3 6 4 . 9 8
0 9 / 2 3 1 1 : 5 8 7 . 7 2 1 0 .2 6 4 . 9 9
0 9 / 2 3 1 2 : 5 8 7 . 2 5 9 . 6 6 5 . 1 3
0 9 / 2 3 1 3 : 5 8 6 . 8 3 9 . 4 6 4 . 9 9
0 9 / 2 3 1 4 : 5 8 6 . 7 4 9 . 3 6 5 . 0 0
0 9 / 2 3 1 5 : 5 8 6 . 0 5 9 . 1 6 4 . 6 4
0 9 / 2 3 1 6 : 5 8 6 . 0 9 9 . 1 6 4 . 6 7
0 9 / 2 3 1 7 : 5 8 5 . 7 0 8 . 6 6 4 . 7 6
0 9 / 2 3 1 8 : 5 8 5 . 5 5 8 . 5 6 4 . 7 2
0 9 / 2 3 1 9 : 5 8 5 . 7 3 8 . 5 6 4 . 8 7
0 9 / 2 3 2 0 : 5 8 5 . 7 3 8 . 5 6 4 . 8 7
0 9 / 2 3 2 1 : 5 8 5 . 7 3 8 . 8 6 4 . 6 2
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1 0 7
START FLO LEV VEL
D a te Time CFS i n . FPS
—— — —— —
0 9 / 2 3 2 2 : 5 8 5 .8 1 8 . 9 6 4 . 6 1
0 9 / 2 3 2 3 : 5 8 5 .6 5 8 . 8 6 4 . 5 6
0 9 / 2 4 0 0 : 5 8 5 . 7 6 8 . 9 6 4 . 5 7
0 9 / 2 4 0 1 : 5 8 5 .7 6 8 . 9 6 4 . 5 7
0 9 / 2 4 0 2 : 5 8 5 .8 6 9 . 0 6 4 . 5 7
0 9 / 2 4 0 3 : 5 8 6 . 1 2 9 . 3 6 4 . 5 4
0 9 / 2 4 0 4 : 5 8 6 .1 1 9 . 3 6 4 . 5 3
0 9 / 2 4 0 5 : 5 8 6 . 1 7 9 . 1 6 4 . 7 3
0 9 / 2 4 0 6 : 5 8 6 .3 7 9 . 3 6 4 . 7 3
0 9 / 2 4 0 7 : 5 8 6 . 3 9 9 . 3 6 4 . 7 4
0 9 / 2 4 0 8 : 5 8 6 . 2 6 9 . 2 6 4 . 7 2
0 9 / 2 4 0 9 : 5 8 6 . 1 8 9 . 2 6 4 . 6 6
0 9 / 2 4 1 0 : 5 8 5 . 9 8 9 . 0 6 4 . 6 6
0 9 / 2 4 1 1 : 5 8 5 .9 6 9 . 0 6 4 . 6 5
0 9 / 2 4 1 2 : 5 8 6 . 1 3 8 . 8 6 4 . 9 4
0 9 / 2 4 1 3 :5 8 5 . 9 0 8 . 6 6 4 . 9 3
0 9 / 2 4 1 4 : 5 8 5 . 7 3 8 . 5 6 4 . 8 7
0 9 / 2 4 1 5 :5 8 5 . 8 3 8 . 6 6 4 . 8 7
0 9 / 2 4 1 6 : 5 8 5 .7 5 8 . 6 6 4 . 8 0
0 9 / 2 4 1 7 : 5 8 5 .4 6 8 . 5 6 4 . 6 4
0 9 / 2 4 1 8 : 5 8 5 .4 1 8 . 4 6 4 . 6 8
0 9 / 2 4 1 9 :5 8 5 .4 5 8 . 4 6 4 . 7 2
0 9 / 2 4 2 0 : 5 8 5 .5 0 8 . 4 6 4 . 7 6
0 9 / 2 4 2 1 : 5 8 5 .6 1 8 . 5 6 4 . 7 7
0 9 / 2 4 2 2 : 5 8 5 . 7 5 8 . 6 6 4 . 8 0
0 9 / 2 4 2 3 : 5 8 5 . 7 8 8 . 8 6 4 . 6 6
0 9 / 2 5 0 0 : 5 8 5 . 7 3 8 . 9 6 4 . 5 4
0 9 / 2 5 0 1 : 5 8 5 .8 1 9 . 0 6 4 . 5 3
0 9 / 2 5 0 2 : 5 8 5 .9 9 9 . 1 6 4 . 5 9
0 9 / 2 5 0 3 : 5 8 6 . 0 8 1 0 .9 6 3 . 5 6
0 9 / 2 5 0 4 : 5 8 5 . 9 5 1 1 .0 6 3 . 4 4
0 9 / 2 5 0 5 : 5 8 6 . 1 6 1 1 .1 6 3 . 5 1
0 9 / 2 5 0 6 : 5 8 6 . 0 6 1 1 .2 6 3 . 4 1
0 9 / 2 5 0 7 : 5 8 6 . 3 9 1 1 .4 6 3 . 5 0
0 9 / 2 5 0 8 : 5 8 6 . 1 0 1 1 .2 6 3 . 4 3
0 9 / 2 5 0 9 : 5 8 6 . 1 2 1 1 .1 6 3 . 4 9
0 9 / 2 5 1 0 : 5 8 6 . 2 6 1 1 .2 6 3 . 5 2
0 9 / 2 5 1 1 : 5 8 6 . 1 8 1 1 .1 6 3 . 5 2
0 9 / 2 5 1 2 : 5 8 6 . 0 1 1 1 .0 6 3 . 4 7
0 9 / 2 5 1 3 : 5 8 5 . 8 9 8 . 7 6 4 . 8 3
0 9 / 2 5 1 4 : 5 8 5 . 8 3 8 . 6 6 4 . 8 7
0 9 / 2 5 1 5 : 5 8 5 . 6 6 8 . 6 6 4 . 7 3
0 9 / 2 5 1 6 : 5 8 5 . 4 2 8 . 4 6 4 . 6 9
0 9 / 2 5 1 7 : 5 8 5 . 4 2 8 . 4 6 4 . 6 9
0 9 / 2 5 1 8 : 5 8 5 . 3 5 8 . 4 6 4 . 6 3
0 9 / 2 5 1 9 : 5 8 5 . 3 5 8 . 4 6 4 . 6 3
0 9 / 2 5 2 0 : 5 8 5 . 4 9 8 . 5 6 4 . 6 7
0 9 / 2 5 2 1 : 5 8 5 . 5 5 8 . 5 6 4 . 7 2
0 9 / 2 5 2 2 : 5 8 5 . 7 1 8 . 9 6 4 . 5 3
0 9 / 2 5 2 3 : 5 8 5 . 5 2 9 . 1 6 4 . 2 3
0 9 / 2 6 0 0 : 5 8 5 . 8 5 1 0 .8 6 3 . 4 7
0 9 / 2 6 0 1 : 5 8 5 . 9 6 1 0 .9 6 3 . 4 9
0 9 / 2 6 0 2 : 5 8 5 . 7 7 1 0 .9 6 3 . 3 8
MARSH-■MCBIRNEY , INC.
R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited w ithout perm ission.
1 0 8
START FLO LEV VEL
O a t s Time CFS i n . FPS
—— — — —
0 9 / 2 6 0 3 : 3 8 6 . 0 5 1 1 .1 6 3 . 4 5
0 9 / 2 6 0 4 : 5 8 6 . 1 6 1 1 .0 6 3 . 5 6
0 9 / 2 6 0 5 : 3 8 6 . 2 3 1 1 .1 6 3 . 3 3
0 9 / 2 6 0 6 : 3 8 6 .0 1 1 1 .2 6 3 . 3 8
0 9 / 2 6 0 7 : 3 8 6 . 6 4 1 1 .4 6 3 . 6 4
0 9 / 2 6 0 8 : 5 8 6 . 0 7 1 1 .1 6 3 . 4 6
0 9 / 2 6 0 9 : 5 8 6 . 0 8 1 1 .2 6 3 . 4 2
0 9 / 2 6 1 0 : 5 8 6 . 1 2 1 1 .1 6 3 . 4 9
0 9 / 2 6 1 1 : 5 8 5 . 9 0 1 1 .0 6 3 .4 1
0 9 / 2 6 1 2 : 5 8 5 . 8 5 1 1 .0 6 3 . 3 8
0 9 / 2 6 1 3 : 5 8 5 . 7 8 8 . 9 6 4 . 5 8
0 9 / 2 6 1 4 : 5 8 5 . 3 9 8 . 6 6 4 . 5 0
0 9 / 2 6 1 5 : 5 8 5 .7 5 8 . 7 6 4 . 7 2
0 9 / 2 6 1 6 : 5 8 5 . 5 9 8 . 5 6 4 . 7 5
0 9 / 2 6 1 7 : 5 8 5 . 5 0 8 . 6 6 4 . 5 9
0 9 / 2 6 1 8 : 5 8 5 . 5 0 8 . 5 6 4 . 6 8
0 9 / 2 6 1 9 : 5 8 5 .3 0 8 . 4 6 4 . 5 9
0 9 / 2 6 2 0 : 5 8 5 . 2 3 8 . 4 6 4 . 5 3
0 9 / 2 6 2 1 : 5 8 5 .5 6 8 . 6 6 4 .6 4
0 9 / 2 6 2 2 : 5 8 5 . 5 0 8 . 5 6 4 . 6 8
0 9 / 2 6 2 3 : 5 8 5 . 5 4 8 . 7 6 4 . 5 3
0 9 / 2 7 0 0 : 5 8 5 . 6 9 9 . 1 6 4 . 3 6
0 9 / 2 7 0 1 : 5 8 5 . 7 8 9 . 3 6 4 . 2 9
0 9 / 2 7 0 2 : 5 8 6 . 1 9 9 , 2 6 4 . 6 7
0 9 / 2 7 0 3 : 5 8 6 . 0 6 1 0 .9 6 3 . 5 5
0 9 / 2 7 0 4 : 5 8 5 . 9 4 1 0 .9 6 3 . 4 8
0 9 / 2 7 0 5 : 5 8 5 .9 9 1 1 .0 6 3 . 4 6
0 9 / 2 7 0 6 : 5 8 5 . 9 9 1 0 .9 6 3 . 5 1
0 9 / 2 7 0 7 : 5 8 6 . 1 1 1 1 .1 6 3 . 4 8
0 9 / 2 7 0 8 : 5 8 5 . 9 8 1 1 .1 6 3 .4 1
C o d e s :
K M u l t i p l y d a t a by 1 ,0 0 0
M M u l t i p l y d a t a by 1 , 0 0 0 , 0 0 0
- No d a t a f o r  p e r i o d
* I n c o m p l e t e  d a t a f o r  p e r i o d
S u r c h a r g e  ( l e v e l g r e a t e r  t h a n  p
marsh- m c b i r n e y , i n c .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 0 9
D a te :  1 0 /1 7 /9 4  0 8 :3 4  F i l e :  
T50 DEMONSTRATION PROGRAM 
COPYRIGHT (C) 1990 MM I
1 HOUR (ALL) AVERAGES 
A .X I1135A.49R
M e te r in g  P e r i o d :
0 9 / 2 7 / 9 4  0 9 :5 9  -  1 0 /1 1 /9 4  1 0 :5 9
START FLO LEV VEL
D a te Tim e CFS t n . FPS
——— ——— -------
0 9 /2 7 0 9 :5 9 6 .1 3 1 1 .2 6 - . 4 5
0 9 /2 7 1 0 :3 9 5 .8 5 1 1 .0 6 3 .3 8
0 9 /2 7 1 1 :5 9 5 .9 3 1 1 .1 6 3 .3 8
0 9 /2 7 1 2 :5 9 6 .1 8 1 1 .0 6 3 .5 7
0 9 /2 7 1 3 :5 9 5 .5 8 1 0 .8 6 3 .3 1
0 9 /2 7 1 4 :5 9 3 .6 0 1 0 .7 6 3 .3 7
0 9 /2 7 1 5 :5 9 5 .6 5 1 0 .7 6 3 .4 0
0 9 /2 7 1 6 :5 9 5 .4 9 1 0 .5 6 3 .4 0
0 9 /2 7 1 7 :5 9 5 .4 2 1 0 .4 6 3 .4 0
0 9 /2 7 1 8 :5 9 5 .3 2 1 0 .4 6 3 .3 4
0 9 /2 7 1 9 :5 9 5 .2 6 1 0 .4 6 3 .3 0
0 9 /2 7 2 0 :3 9 5 .8 4 1 1 .1 6 3  •
0 9 /2 7 2 1 :5 9 5 .7 5 1 0 .8 6 3 .4 1
0 9 /2 7 2 2 :5 9 5 .4 8 1 0 .7 6 3 .3 0
0 9 /2 7 2 3 :5 9 5 .6 2 1 0 .6 6 3 .4 3
0 9 /2 8 0 0 :5 9 6 .7 7 1 1 .7 6 3 .5 7
0 9 /2 8 0 1 :5 9 6 .1 5 1 1 .2 6 3 .4 6
0 9 /2 8 0 2 :5 9 6 .0 3 1 1 .2 6 3 .3 9
0 9 /2 8 0 3 :5 9 6 .2 9 1 1 .2 6 3 .5 4
0 9 /2 8 0 4 :5 9 6 .0 2 1 1 .1 6 3 .4 3
0 9 /2 8 0 5 :5 9 6 .1 4 1 1 .3 6 3 .4 1
0 9 /2 8 0 6 :5 9 6 .3 0 1 1 .4 6 3 .4 5
0 9 /2 8 0 7 :5 9 6 .2 4 1 1 .4 6 3 .4 2
0 9 /2 8 0 8 :3 9 6 .3 5 1 1 .4 6 3 .4 8
0 9 /2 8 0 9 :5 9 5 .9 2 1 1 .0 6 3 .4 2
0 9 /2 8 1 0 :5 9 6 .0 1 1 1 .0 6 3 .4 7
0 9 /2 8 1 1 :5 9 6 .0 2 1 1 .0 6 3 .4 8
0 9 /2 8 1 2 :5 9 5 .8 2 1 1 .0 6 3 .3 6
0 9 /2 8 1 3 :5 9 5 .5 6 1 1 .0 6 3 .2 1
0 9 /2 8 1 4 :5 9 5 .8 8 1 1 .1 6 3 .3 5
0 9 /2 8 1 5 :5 9 5 .7 9 1 0 .9 6 3 .3 9
0 9 /2 8 1 6 :3 9 5 .6 3 1 0 .8 6 3 .3 4
0 9 /2 8 1 7 :5 9 5 .6 3 1 0 .7 6 3 .3 9
0 9 /2 8 1 8 :5 9 5 .6 1 1 0 .8 6
0 9 /2 8 1 9 :5 9 5 .3 9 1 0 .6 6 3 .2 9
0 9 /2 8 2 0 :5 9 5 .3 4 1 0 .6 6 3 .2 6
0 9 /2 8 2 1 :5 9 5 .5 4 1 0 .6 6 3 .3 8
0 9 /2 8 2 2 :5 9 5 .5 2 1 0 .6 6 3 .3 7
0 9 /2 8 2 3 :5 9 5 .6 0 1 0 .7 6 3 .3 7
0 9 /2 9 0 0 :5 9 5 .4 0 1 0 .7 6 3 .2 5
0 9 /2 9 0 1 :5 9 5 .6 8 1 1 .0 6 3 .2 8
0 9 /2 9 0 2 :5 9 6 .1 9 1 1 .2 6 3 .4 8
MARSH-MCBIRNEY , INC.
260 AO1135  
f l a m in g o _WASH. 
DESERT ROSE
R e p o r t  P e r i o d :
0 9 /2 7 /9 4  0 9 :5 9  -  1 0 /1 1 /9 4  1 0 :3 9
R eproduced  with perm ission of the  copyright ow ner.  Further reproduction prohibited w ithout perm ission.
1 1 0
START FLO LEV VEL
D a te Tim e CFS i n . FPS
m ■ ■ ------------ — — — -----
0 9 /2 9 0 3 :3 9 6 .2 3 1 1 .5 6 3 37
0 9 /2 9 0 4 :3 9 6 .1 5 1 1 .4 6 3 .3 7
0 9 /2 9 0 5 :5 9 6 .3 2 1 1 .5 6 3 .4 2
0 9 /2 9 0 6 :5 9 6 .0 6 1 1 .6 6 3 .2 4
0 9 /2 9 0 7 :5 9 6 .4 1 1 1 .7 6 3 .3 8
0 9 /2 9 0 8 :5 9 6 .3 9 1 1 .7 6 3 .3 7
0 9 /2 9 0 9 :5 9 6 .5 3 1 1 .9 6 3 .3 6
0 9 /2 9 1 0 :5 9 6 .5 9 1 1 .9 6 3 .3 9
0 9 /2 9 1 1 :5 9 6 .1 7 1 1 .4 6 3 .3 8
0 9 /2 9 1 2 :5 9 6 .0 5 1 1 .3 6 3 .3 6
0 9 /2 9 1 3 :5 9 5 .8 0 1 0 .8 6 3 .4 4
0 9 /2 9 1 4 :5 9 5 .8 7 1 1 .0 6 3 .3 9
0 9 /2 9 1 5 :5 9 5 .8 3 1 1 .0 6 3 .3 7
0 9 /2 9 1 6 :5 9 5 .6 2 1 0 .7 6 3 .3 8
0 9 /2 9 1 7 :5 9 5 .4 9 1 0 .6 6 3 .3 5
0 9 /2 9 1 8 :5 9 5 .3 5 1 0 .5 6 3 .3 1
0 9 /2 9 1 9 :5 9 5 .1 5 1 0 .4 6 3 .2 3
0 9 /2 9 2 0 :5 9 5 .3 6 1 0 .6 6 3 .2 7
0 9 /2 9 2 1 :5 9 5 .4 8 1 0 .9 6 3 .2 1
0 9 /2 9 2 2 :5 9 6 .5 1 1 1 .9 6 3 .3 5
0 9 /2 9 2 3 :5 9 5 .7 0 1 1 .1 6 3 .2 5
0 9 /3 0 0 0 :5 9 5 .6 9 1 0 .9 6 3 .3 3
0 9 /3 0 0 1 :5 9 5 .4 8 1 0 .7 6 3 .3 0
0 9 /3 0 0 2 :5 9 5 .6 5 1 0 .9 6 3 .3 1
0 9 /3 0 0 3 :5 9 5 .7 6 1 0 .9 6 3 .3 7
0 9 /3 0 0 4 :5 9 6 .0 3 1 1 .2 6 3 .3 9
0 9 /3 0 0 5 :5 9 6 .1 5 1 1 .4 6 3 .3 7
0 9 /3 0 0 6 :5 9 6 .3 1 1 1 .6 6 3 .3 7
0 9 /3 0 0 7 :5 9 6 .9 1 1 2 .2 6 3 .4 3
0 9 /3 0 0 8 :5 9 6 .7 3 1 2 .1 6 3 .3 8
0 9 /3 0 0 9 :5 9 6 .2 2 1 1 .7 6 3 .2 8
0 9 /3 0 1 0 :5 9 6 .1 4 1 1 .3 6 3 .4 1
0 9 /3 0 1 1 :5 9 5 .7 6 1 1 .0 6 3 .3 3
0 9 /3 0 1 2 :5 9 5 .6 0 1 0 .7 6 3 .3 7
0 9 /3 0 1 3 :5 9 5 .8 9 1 1 .0 6 3 .4 0
0 9 /3 0 1 4 :5 9 5 .8 4 1 0 .9 6 3 .4 2
0 9 /3 0 1 5 :5 9 5 .5 3 1 0 .8 6 3 .2 8
0 9 /3 0 1 6 :5 9 5 .6 9 1 0 .8 6 3 .3 8
0 9 /3 0 1 7 :5 9 5 .3 0 1 0 .7 6 3 .1 9
0 9 /3 0 1 8 :5 9 5 .4 6 1 0 .6 6 3 .3 3
0 9 /3 0 1 9 :5 9 5 .4 2 1 0 .6 6 3 .3 1
0 9 /3 0 2 0 :5 9 5 .3 5 1 0 .4 6 3 .3 6
0 9 /3 0 2 1 :5 9 5 .3 0 1 0 .5 6 3 .2 8
0 9 /3 0 2 2 :5 9 5 .4 3 1 0 .8 6 3 .2 2
0 9 /3 0 2 3 :5 9 5 .4 3 1 0 .8 6 3 .2 2
1 0 /0 1 0 0 :5 9 5 .1 6 1 0 .6 6 3 .1 5
1 0 /0 1 0 1 :5 9 5 .2 3 1 0 .6 6 3 .1 9
1 0 /0 1 0 2 :5 9 5 .6 7 1 0 .9 6 3 .3 2
1 0 /0 1 0 3 :5 9 5 .6 8 1 1 .1 6 3 .2 4
1 0 /0 1 0 4 :5 9 5 .9 6 1 1 .3 6 3 .3 1
1 0 /0 1 0 5 :5 9 5 .9 9 1 1 .2 6 3 .3 7
1 0 /0 1 0 6 :5 9 6 .1 7 1 1 .4 6 3 .3 8
1 0 /0 1 0 7 :5 9 5 .9 7 1 1 .4 6 3 .2 7
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START FLO LEV VEL
D a te Tim e CFS i n . FPS
-----
1 0 /0 1 0 8 :5 9 6 .1 2 1 1 .3 6 3 .3 1
1 0 /0 1 0 9 :5 9 5 .8 2 1 1 .0 6 3 .3 6
1 0 /0 1 1 0 :5 9 5 .5 2 1 0 .7 6 3 .3 2
1 0 /0 1 i l l  59 5 .6 0 1 0 .7 6 3 .3 7
1 0 /0 1 1 2 :5 9 5 .6 9 1 0 .9 6 3 .3 3
1 0 /0 1 1 3 :5 9 5 .7 5 1 1 .0 6 3 .3 2
1 0 /0 1 1 4 :5 9 4 .8 0 1 0 .7 6 2 .8 9
1 0 /0 1 1 5 :5 9 5 .5 4 1 0 .8 6 3 .2 9
1 0 /0 1 1 6 :5 9 5 .4 5 1 0 .7 6 3 .'2 8
1 0 /0 1 1 7 :5 9 5 .5 8 1 0 .7 6 3 .3 6
1 0 /0 1 1 8 :5 9 5 .2 8 1 0 .5 6 3 .2 7
1 0 /0 1 1 9 :5 9 5 .3 0 1 0 .5 6 3 .2 8
1 0 /0 1 2 0 :5 9 5 .4 8 1 0 .7 6 3 .3 0
1 0 /0 1 2 1 :5 9 5 .3 0 1 0 .5 6 3 .2 8
1 0 /0 1 2 2 :5 9 5 .2 2 1 0 .5 6 3 .2 3
1 0 /0 1 2 3 :5 9 5 .3 4 1 0 .6 6 3 .2 6
1 0 /0 2 0 0 :5 9 5 .3 6 1 0 .6 6 3 .2 7
1 0 /0 2 0 1 :5 9 5 .5 6 1 0 .8 6 3 .3 0
1 0 /0 2 0 2 :5 9 5 .5 0 1 0 .9 6 3 .2 2
1 0 /0 2 0 3 :5 9 5 .9 0 1 1 .2 6 3 .3 2
1 0 /0 2 0 4 :5 9 5 .9 0 1 1 .2 6 3 .3 2
1 0 /0 2 0 5 :5 9 6 .0 0 1 1 .1 6 3 .4 2
1 0 /0 2 0 6 :5 9 5 .9 8 1 1 .3 6 3 .3 2
1 0 /0 2 0 7 :5 9 6 .3 7 1 1 .7 6 3 .3 6
1 0 /0 2 0 8 :5 9 6 .2 3 1 1 .6 6 3 .3 3
1 0 /0 2 0 9 :5 9 6 .0 1 1 1 .2 6 3 .3 8
1 0 /0 2 1 0 :5 9 5 .7 6 1 0 .9 6 3 .3 7
1 0 /0 2 1 1 :5 9 5 .6 8 1 1 .1 6 3 .2 4
1 0 /0 2 1 2 :5 9 5 .6 9 1 0 .9 6 3 .3 3
1 0 /0 2 1 3 :5 9 5 .4 8 1 0 .7 6 3 .3 0
1 0 /0 2 1 4 :5 9 5 .4 2 1 0 .7 6 3 .2 6
1 0 /0 2 1 5 :5 9 5 .7 3 1 1 .0 6 3 .3 1
1 0 /0 2 1 6 :5 9 5 .6 4 1 1 .0 6 3 .2 6
1 0 /0 2 1 7 :5 9 5 .8 3 1 1 .2 6 3 .2 8
1 0 /0 2 1 8 :5 9 5 .7 0 1 1 .1 6 3 .2 5
1 0 /0 2 1 9 :5 9 5 .6 2 1 0 .9 6 3 .2 9
1 0 /0 2 2 0 :5 9 5 .7 0 1 0 .9 6 3 .3 4
1 0 /0 2 2 1 :5 9 5 .5 2 1 1 .0 6 3 .1 9
1 0 /0 2 2 2 :5 9 5 .4 4 1 0 .6 6 3 .3 2
1 0 /0 2 2 3 :5 9 5 .5 7 1 1 .0 6 3 .2 2
1 0 /0 3 0 0 :5 9 5 .8 2 1 1 .0 6 3 .3 6
1 0 /0 3 0 1 :5 9 5 .7 0 1 1 .0 6 3 .2 9
1 0 /0 3 0 2 :5 9 5 .9 8 1 1 .3 6 3 .3 2
1 0 /0 3 0 3 :5 9 6 .1 0 1 1 .2 6 3 .4 3
1 0 /0 3 0 4 :5 9 5 .9 6 1 1 .3 6 3 .3 1
1 0 /0 3 0 5 :5 9 5 .8 9 1 1 .1 6 3 .3 6
1 0 /0 3 0 6 :5 9 5 .9 2 1 1 .2 6 3 .3 3
1 0 /0 3 0 7 :5 9 5 .8 5 1 1 .3 6 3 .2 5
1 0 /0 3 0 8 :5 9 6 .1 1 1 1 .4 6 3 .3 5
1 0 /0 3 0 9 :5 9 5 .7 1 1 1 .0 6 3 .3 0
1 0 /0 3 1 0 :5 9 5 .7 0 1 1 .1 6 3 .2 5
1 0 /0 3 1 1 :5 9 5 .5 5 1 0 .9 6 3 .2 5
1 0 /0 3 1 2 :5 9 5 .4 8 1 0 .9 6 3 .2 1
MARSH-■MCBIRNEY , INC.
R eproduced  with perm ission of the  copyright owner. Further reproduction prohibited without perm ission.
1 1 2
START FLO LEV VEL
D a te T im e CFS i n . FPS
!■ 1 ■ ™ ——— —
1 0 /0 3 1 3 :5 9 5 .4 8 1 0 .9 6 3 .2 1
1 0 /0 3 1 4 :5 9 5 .6 8 1 1 .0 6 3 .2 8
1 0 /0 3 1 5 :5 9 5 .4 8 1 0 .9 6 3 .2 1
1 0 /0 3 1 6 :5 9 5 .5 1 1 0 .8 6 3 .2 7
1 0 /0 3 1 7 :5 9 5 .4 7 1 0 .7 6 3 .2 9
1 0 /0 3 1 8 :5 9 5 .3 4 1 0 .8 6 3 .1 7
1 0 /0 3 1 9 :5 9 5 .4 9 1 0 .8 6 3 .2 6
1 0 /0 3 2 0 :5 9 5 .3 9 1 0 .8 6 3 .2 0
1 0 /0 3 2 1 :5 9 5 .4 3 1 0 .7 6 . 27
1 0 /0 3 2 2 :5 9 5 .3 2 1 0 .7 6 3 .2 0
1 0 /0 3 2 3 :5 9 5 .2 1 1 0 .8 6 3 .0 9
1 0 /0 4 0 0 :5 9 5 .4 5 1 0 .9 6 3 .1 9
1 0 /0 4 0 1 :5 9 5 .5 2 1 1 .0 6 3 .1 9
1 0 /0 4 0 2 :5 9 5 .8 0 1 0 .8 6 3 .4 4
1 0 /0 4 0 3 :5 9 5 .9 7 1 1 .5 6 3 .2 3
1 0 /0 4 0 4 :5 9 6 .0 6 1 1 .6 6 3 .2 4
1 0 /0 4 0 5 :5 9 6 .2 0 1 1 .8 6 3 .2 3
1 0 /0 4 0 6 :5 9 6 .0 6 1 1 .6 6 3 .2 4
1 0 /0 4 0 7 :5 9 6 .3 5 1 1 .9 6 3 .2 7
1 0 /0 4 0 8 :5 9 6 .4 5 1 2 .0 6 3 .2 8
1 0 /0 4 0 9 :5 9 6 .1 0 1 1 .6 6 3 .2 6
1 0 /0 4 1 0 :5 9 5 .9 3 1 1 .3 6 3 .2 9
1 0 /0 4 1 1 :5 9 5 .5 5 1 0 .9 6 3 .2 5
1 0 /0 4 1 2 :5 9 5 .6 3 1 1 .0 6 3 .2 5
1 0 /0 4 1 3 :5 9 5 .4 6 1 0 .8 6 3 .2 4
1 0 /0 4 1 4 :5 9 5 .6 6 1 1 .0 6 3 .2 7
1 0 /0 4 1 5 :5 9 5 .7 4 1 1 .2 6
1 0 /0 4 1 6 :5 9 6 .0 6 1 1 .5 6 3 .2 8
1 0 /0 4 1 7 :5 9 5 .9 9 1 1 .5 6 3 .2 4
1 0 /0 4 1 8 :5 9 5 .7 0 1 1 .1 6 3 .2 5
1 0 /0 4 1 9 :5 9 5 .6 4 1 1 .0 6 3 .2 6
1 0 /0 4 2 0 :5 9 5 .5 7 1 1 .0 6 3 .2 2
1 0 /0 4 2 1 :5 9 5 .5 7 1 0 .9 6 3 .2 6
1 0 /0 4 2 2 :5 9 5 .2 4 1 0 .6 6 3 .2 0
1 0 /0 4 2 3 :5 9 5 .3 8 1 0 .7 6 3 .2 4
1 0 /0 5 0 0 :5 9 5 .6 0 1 1 .1 6 3 .1 9
1 0 /0 5 0 1 :5 9 5 .6 7 1 0 .9 6 3 .3 2
1 0 /0 5 0 2 :5 9 5 .5 2 1 1 .0 6 3 .1 9
1 0 /0 5 0 3 : 5 9 5 .6 5 1 1 .2 6 3 .1 8
1 0 /0 5 0 4 : 5 9 5 .7 8 1 1 .3 6 3 .2 1
1 0 /0 5 0 5 :5 9 5 .9 3 1 1 .4 6 3 .2 5
1 0 /0 5 0 6 :5 9 5 .6 7 1 1 .3 6 3 .1 5
1 0 /0 5 0 7 : 5 9 6 .0 6 1 1 .5 6 3 .2 8
1 0 /0 5 0 8 :5 9 6 .0 6 1 1 .6 6 3 .2 4
1 0 /0 5 0 9 :5 9 5 .9 3 1 1 .5 6 3 .2 1
1 0 /0 5 1 0 :5 9 5 .7 2 1 1 .2 6 3 .2 2
1 0 /0 5 1 1 :5 9 5 .7 0 1 1 .0 6 3 .2 9
1 0 /0 5 1 2 :5 9 5 .2 8 1 0 .7 6 3 .1 8
1 0 /0 5 1 3 :5 9 5 .1 3 1 0 .4 6 3 .2 2
1 0 /0 5 1 4 :5 9 5 .2 4 1 0 .5 6 3 .2 4
1 0 /0 5 1 5 :5 9 5 .2 3 1 0 .6 6 3 .1 9
1 0 /0 5 1 6 :5 9 5 .4 3 1 0 .7 6 3 .2 7
1 0 /0 5 1 7 :5 9 5 .3 9 1 0 .6 6 3 .2 9
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START FLO LEV VEL
D a te Tim e CFS i n . FPS
— — -----
1 0 /0 9 1 8 :5 9 5 .5 3 1 0 .8 6 3 .2 8
1 0 /0 5 1 9 :5 9 5 .3 6 1 0 .8 6 3 .1 8
1 0 /0 5 2 0 :5 9 5 .4 8 1 0 .8 6 3 .2 5
1 0 /0 5 2 1 :5 9 5 .2 8 1 0 .7 6 3 .1 8
1 0 /0 9 2 2 :5 9 5 .3 8 1 0 .7 6 3 .2 4
1 0 /0 5 2 3 :5 9 5 .1 7 1 0 .8 6 3 .0 7
1 0 /0 6 0 0 :5 9 5 .6 4 1 1 .0 6 3 .2 6
1 0 /0 6 0 1 :5 9 5 .6 4 1 1 .2 6 3 .1 7
1 0 /0 6 0 2 :5 9 5 ,7 1 1 1 .2 6 3 .2 1
1 0 /0 6 0 3 :5 9 5 .6 0 1 1 .4 6 3 .0 7
1 0 /0 6 0 4 :5 9 5 .9 1 1 1 .5 6 3 .2 0
1 0 /0 6 0 5 :5 9 5 .7 8 1 1 .4 6 3 .1 7
1 0 /0 6 0 6 :5 9 5 .5 5 1 1 .2 6 3 .1 2
1 0 /0 6 0 7 :5 9 6 .1 3 1 1 .4 6 3 .3 6
1 0 /0 6 0 8 :5 9 5 .8 8 1 1 .4 6 3 .2 2
1 0 /0 6 0 9 :5 9 6 .3 6 1 1 .6 6 3 .4 0
1 0 /0 6 1 0 :5 9 5 .9 3 1 1 .4 6 3 .2 5
1 0 /0 6 1 1 :5 9 5 .6 5 1 1 .1 6 3 .2 2
1 0 /0 6 1 2 :5 9 5 .6 3 1 0 .8 6 3 .3 4
1 0 /0 6 1 3 :5 9 5 .5 8 1 0 .7 6 3 .3 6
1 0 /0 6 1 4 :5 9 5 .3 4 1 0 .6 6 3 .2 6
1 0 /0 6 1 5 :5 9 5 .3 6 1 0 .5 6 3 .3 2
1 0 /0 6 1 6 :5 9 5 .4 0 1 0 .7 6 3 .2 5
1 0 /0 6 1 7 :5 9 5 .4 7 1 1 .0 6 3 .1 6
1 0 /0 6 1 8 :5 9 5 .4 4 1 0 .8 6 3 .2 3
1 0 /0 6 1 9 :5 9 5 .5 4 1 0 .8 6 3 .2 9
1 0 /0 6 2 0 :5 9 5 .5 3 1 0 .7 6 3 .3 3
1 0 /0 6 2 1 :5 9 5 .2 2 1 0 .7 6 3 .1 4
1 0 /0 6 2 2 :5 9 5 .7 1 1 0 .8 6 3 .3 9
1 0 /0 6 2 3 :5 9 5 .5 1 1 0 .8 6 3 .2 7
1 0 /0 7 0 0 :5 9 5 .0 6 1 0 .6 6 3 .0 9
1 0 /0 7 0 1 :5 9 5 .5 6 1 0 .8 6 3 .3 0
1 0 /0 7 0 2 :5 9 5 .3 4 1 0 .8 6 3 .1 7
1 0 /0 7 0 3 :5 9 5 .4 3 1 0 .9 6 3 .1 8
1 0 /0 7 0 4 :5 9 5 .4 7 1 0 .9 6 3 .2 0
1 0 /0 7 0 9 :5 9 9 .5 6 1 1 .0 6 3 .2 1
1 0 /0 7 0 6 :5 9 5 .5 6 1 1 .0 6 3 .2 1
1 0 /0 7 0 7 :5 9 5 .5 8 1 1 .1 6 3 .1 8
1 0 /0 7 0 8 :5 9 5 .9 0 1 0 .9 6 3 .2 2
1 0 /0 7 0 9 :9 9 5 .5 8 1 0 .9 6 3 .2 7
1 0 /0 7 1 0 :5 9 5 .5 7 1 0 .9 6 3 .2 6
1 0 /0 7 1 1 :5 9 5 .4 0 1 0 .9 6 3 .1 6
1 0 /0 7 1 2 :5 9 5 .2 8 1 0 .6 6 3 .2 2
1 0 /0 7 1 3 :5 9 5 .1 8 1 0 .6 6 3 .1 6
1 0 /0 7 1 4 :5 9 5 .2 1 1 0 .4 6 3 .2 7
1 0 /0 7 1 5 :5 9 5 .0 5 1 0 .4 6 3 .1 7
1 0 /0 7 1 6 :5 9 5 .1 1 1 0 .4 6 3 .2 1
1 0 /0 7 1 7 :5 9 5 .1 6 1 0 .4 6 3 .2 4
1 0 /0 7 1 8 :5 9 4 .9 3 1 0 .3 6 3 .1 4
1 0 /0 7 1 9 :5 9 4 .9 2 1 0 .2 6 3 .1 8
1 0 /0 7 2 0 :5 9 4 .8 5 1 0 .3 6 3 .0 9
1 0 /0 7 2 1 :5 9 4 .9 9 1 0 .4 6 3 .1 3
1 0 /0 7 2 2 :5 9 5 .0 3 1 0 .1 6 3 .3 0
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START FLO LEV VEL
D a te T im * CFS i n . FPS
———
1 0 /0 7 2 3 99 9 .1 9 1 0 .4 6 3 .2 6
1 0 /0 8 0 0 99 9 .1 3 1 0 .4 6 3 .2 2
1 0 /0 8 01 99 5 .2 7 1 0 .5 6 3 .2 6
1 0 /0 8 0 2 99 5 .5 8 1 0 .8 6 3 .3 1
1 0 /0 8 0 3 99 5 .4 3 1 0 .8 6 3 .2 2
1 0 /0 8 0 4 99 9 .3 9 1 0 .8 6 3 .2 0
1 0 /0 8 0 9 99 5 .4 9 1 0 .8 6 3 .2 6
1 0 /0 8 0 6 99 5 .5 9 1 0 .8 6 3 .3 2
1 0 /0 8 0 7 99 5 .5 4 1 0 .8 6 3 .2 9
1 0 /0 8 0 8 99 5 .5 7 1 1 .0 6 3 .2 2
1 0 /0 8 0 9 99 5 .6 4 1 1 .0 6 3 .2 6
1 0 /0 8 10 99 9 .5 4 1 0 .8 6 3 .2 9
1 0 /0 8 11 99 5 .3 4 1 0 .8 6 3 .1 7
1 0 /0 8 12 99 5 .5 3 1 0 .9 6 3 .2 4
1 0 /0 8 13 99 5 .3 9 1 0 .8 6 3 .2 0
1 0 /0 8 14 99 5 .4 9 1 0 .8 6 3 .2 6
1 0 /0 8 19 99 5 .0 5 1 0 .4 6 3 .1 7
1 0 /0 8 16 99 5 .1 9 1 0 .4 6 3 .2 6
1 0 /0 8 17 99 5 .0 2 1 0 .4 6 3 .1 5
1 0 /0 8 18 99 4 .9 9 1 0 .3 6 3 .1 8
1 0 /0 8 19 99 4 ,9 3 1 0 .3 6 3 .1 4
1 0 /0 8 20 99 9 .0 1 1 0 .3 6 3 .1 9
1 0 /0 8 21 99 4 .9 7 1 0 .2 6 3 .2 1
1 0 /0 8 2 2 99 5 .0 7 1 0 .5 6 3 .1 4
1 0 /0 8 2 3 99 5 .3 9 1 0 .8 6 3 .2 0
1 0 /0 9 0 0 99 9 .9 2 1 0 ;9 6 3 .2 3
1 0 /0 9 01 99 5 .4 9 1 1 .0 6 3 .1 7
1 0 /0 9 0 2 99 5 .7 0 1 0 .9 6 3 .3 4
1 0 /0 9 0 3 99 9 .9 6 1 1 .0 6 3 .2 1
1 0 /0 9 0 4 99 9 .5 0 1 1 .0 6 3 .1 8
1 0 /0 9 0 9 99 5 .4 9 1 1 .0 6 3 .1 9
1 0 /0 9 0 6 99 9 .9 2 1 1 .0 6 3 .1 9
1 0 /0 9 0 7 99 9 .9 1 1 0 .8 6 3 .2 7
1 0 /0 9 0 8 99 9 .6 3 1 1 .0 6 3 .2 9
1 0 /0 9 09 99 9 .4 8 1 0 .9 6 5 .2 1
1 0 /0 9 10 99 9 .9 2 1 0 .9 6 3 .2 3
1 0 /0 9 11 99 9 .1 1 1 0 .4 6 3 .2 1
1 0 /0 9 12 99 9 .0 6 1 0 .5 6 3 .1 3
1 0 /0 9 13 99 9 .1 7 1 0 .9 6 3 .2 0
1 0 /0 9 14 99 4 .9 9 1 0 .4 6 3 .1 3
1 0 /0 9 19 9 9 9 .3 3 1 0 .6 6 3 .2 9
1 0 /0 9 16 99 9 .2 8 1 0 .9 6 3 .2 7
1 0 /0 9 17 99 5 .3 4 1 0 .4 6 3 .3 5
1 0 /0 9 18 99 5 .2 4 1 0 .3 6 3 .3 4
1 0 /0 9 19 99 5 .3 4 1 0 .3 6 3 .4 0
1 0 /0 9 2 0 99 9 .3 2 1 0 .4 6 3 .3 4
1 0 /0 9 21 99 9 .4 0 1 0 .9 6 3 .3 4
1 0 /0 9 2 2 99 9 .2 4 1 0 .4 6 3 .2 9
1 0 /0 9 2 3 99 9 .2 4 1 0 .4 6 3 .2 9
1 0 /1 0 00 99 5 .3 1 1 0 .6 6 3 .2 4
1 0 /1 0 01 99 5 .2 7 1 0 .5 6 3 .2 6
1 0 /1 0 0 2 99 5 .3 7 1 0 .7 6 3 .2 3
1 0 /1 0 0 3 199 5 .3 7 1 1 .0 6 3 .1 0
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START FLO LEV VEL
D a te Tim e CFS i n . FPS
— — —
1 0 /1 0 0 4 :3 9 5 .7 1 1 1 .0 6 3 .3 0
1 0 /1 0 0 5 :3 9 5 .7 7 1 0 .9 6 3 .3 8
1 0 /1 0 0 6 :5 9 5 .6 4 1 0 .9 6 3 .3 0
1 0 /1 0 0 7 :5 9 5 .6 7 1 0 .9 6 3 .3 2
1 0 /1 0 0 8 :5 9 5 .6 9 1 0 .8 6 3 .3 8
1 0 /1 0 0 9 :5 9 5 .7 9 1 0 .9 6 3 .3 9
1 0 /1 0 1 0 :5 9 5 .4 7 1 0 .7 6 3 .2 9
1 0 /1 0 1 1 :5 9 5 .8 8 1 1 .1 6 3 .3 5
1 0 /1 0 1 2 :5 9 5 .6 3 1 0 .9 6 3 .3 1
1 0 /1 0 1 3 :5 9 5 .7 0 1 0 .9 6 3 .3 4
1 0 /1 0 1 4 :5 9 3 .8 7 1 1 .0 6 3 .3 9
1 0 /1 0 1 5 :5 9 5 .5 4 1 0 .6 6 3 .3 8
1 0 /1 0 1 6 :5 9 5 .2 6 1 0 .4 6 3 .3 0
1 0 /1 0 1 7 :5 9 5 .2 7 1 0 .5 6 3 .2 6
1 0 /1 0 1 8 :5 9 5 .4 2 1 0 .4 6 3 .4 0
1 0 /1 0 1 9 :5 9 5 .3 5 1 0 .5 6 3 .3 1
1 0 /1 0 2 0 ;  59 5 .7 4 1 0 .9 6 3 .3 6
1 0 /1 0 2 1 :3 9 5 .1 4 1 0 .2 6 3 .3 2
1 0 /1 0 2 2 :5 9 5 .0 1 1 0 .2 6 3 .2 4
1 0 /1 0 2 3 :5 9 5 .0 6 1 0 .2 6 3 .2 7
1 0 /1 1 0 0 :5 9 5 .1 9 1 0 .4 6 3 .2 6
1 0 /1 1 0 1 :5 9 5 .5 4 1 0 .6 6 3 .3 8
1 0 /1 1 0 2 :5 9 5 .3 0 1 0 .7 6 3 .1 9
1 0 /1 1 0 3 :5 9 5 .6 0 1 0 .9 6 3 .2 8
1 0 /1 1 0 4 :5 9 5 .6 4 1 1 .0 6 3 .2 6
1 0 /1 1 0 5 :5 9 5 .8 3 1 1 .0 6 3 .3 8
1 0 /1 1 0 6 :5 9 5 .7 5 1 0 .8 6 3 .4 1
1 0 /1 1 0 7 :5 9 5 .6 6 1 0 .8 6 3 .3 6
1 0 /1 1 0 8 :5 9 5 .7 6 1 0 .9 6 3 .3 7
1 0 /1 1 0 9 :5 9 5 .6 3 1 0 .8 6 3 .3 4
C o d e s :
K M u l t i p l y  d a t a  by  1 ,0 0 0  
M M u l t i p l y  d a t a  by  1 ,0 0 0 ,0 0 0  
-  No d a t a  f o r  p e r i o d  
* I n c o m p le te  d a t a  f o r  p e r i o d  
^  S u r c h a r g e  ( l e v e l  g r e a t e r  t h a n  p i p e  h e i g h t )
MARSH-MCBIRNEV, i n c .
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Appendix E 
Miscellaneous calculations.
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The design of the Desert Rose Ramingo Wash pump station
ASSUMPTIONS 
It is assumed that the pump will pump 24 hours per day.
Also, the total flow will be aproamately 600,000 gallons per day.
The pump station is aproamately 500 feet from the discharge point
From the survey by Converse the elevation difference is approximately 10 fee t
Q := 6 5 0 0 0 Q -i^ Q -  l.Ol •—  
sec
Q -4 51J9 •üL
min
L := SOC-ft
f:=0.02
h:=l0-ft
The length of the pipe line
The coeffident of friction for PVC pipe.
The head in feet due to elevation differences
Try a 4 inch PVC discharge One for the station D
I 2 -
-  Q-4 V "  10.13'
The head loss in 500 feet of piping
L V 
D (2 g)
h f - 44.88-ft This in not good we have to much head 
lo ss . Try another size
Try a 6 inch discharge One (tar the station D 6.134-in 
1 2 -
V . = ^ V *4.9 -—
sec
The head loss in 500 feet of piping
hf.= PL V*
d ’(2-8)
This is OK! Use 6  inch pipe.
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We will assume that a manhole will be placed sdjedent to the existing manhole to serve as a wet 
well for the pumping station. Line ‘A* will be between the existing manhole and the wet well. Line 
"B" will be from the wet well to the wash discharge which will be about 3 feet below the existing 
manhole's invert elevation.
d a ;= lft  One A diameter
db =1 A One B diameter
0 := 0.013
Coeffident of friction for sewer pipe from page 
22-6 std. handbook for CivO Engineers (SHCE)
Sa =0.02 -  Slope of One A
Sb = O.OOS-— Slope of One 8
sec A unit conecdon factor
Mai.«OWiB»WA
sec
qb db  ̂ Sb'̂  qb " 2J2  —  Max. (lowin One B
a sec
vb :=5 ^  vb "321 Velocity in One B
s-db* *«
Qf — Qf " 0.2 The ratio of actual flow to max flow
qa
From the chart on page 22-7 SHCE the depth ratio (Dr) « 0.30 
Dr:=0J0
d :=Dr da d " 3.6 in Depth of the water in One A at low flow
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The chlorine dosage rate (brthe Desert Rose Pumping Station 
p j The percent of chlorine in the NaCI solution
-  62 37 — The spedfic weight of water (also used for NaCI solution
 ̂"  ^  because the solution is mostly water)
W :=Q % W" 5.42-10* —  The weight of the water
day
gr Ik
Cw :=  Cw ■ 5.42 •—  The amount of chlorine per day
‘OOOOOO day @lppm
NaCI NaCI -  0.27 The amount of Na Cl solution
P*7 ^  required to chlorinate @ 1 ppm
N a C I-6J" M
day
The LMIA161-61S cost about $420 and has a range of O.OOS to 2.0 gph. At peak pumping rate 
the LM unit would chlorinate to:
ppm •** 2 ——P'—-1000000 ppm " 728
hr W
The amount of storage required for 14 days of available chlorine
Qs :: NaCI-14-day Qs "91 -gal Suggest we use two 55 gallon drums for the
chloring storage.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
1 2 0
Electrical demands for the Desert Rose Pumping Station
bp ;r 5 5 0 - i^  Delination of horse power
sec
bp Defination of kilowatts
kw:=—! -  
.746
H = h hf H " 17.3 'ft Total head the pump is pumping against
The pump effldency (eft) will be approximately: e£f := .48
u
Hp :=rQ —  Hp "4.11'bp Horse power required to run the pump
eff
Kw:=Hp Kw ■ 3.07 lew
Assume 24 hours per day operation for approximately 4 months.
P:=Hp-24.—  120-dmy P "8831.87-kw-hr
day
The cost of electricty is approximately S0.06 per kw/hour
cost ;= P —^  cost > 329.91 The cost for 4 months of operation
fcw-hr
dcosr::—  deoxr "4.42 The cost for one days operation
120
Present cost for LWWD water. Assume SI 2 0  per 1,000 gallons of water.
L WWD :=— - —  12-day LWWD -  780 Cost per day for LWWD water
1000-gal
Present cost of the r e c l a m e d  water from the sanitation District A s s u m e  S0.3S per 1,000 gallons.
SD:=— 9 — 23-day S D -227.3
1000-gal
Savings for a 4 month period assuming all the water would have come from LWWD 
aavewd := LWWD-120 -  cost savewd " 93070.09
Saving in a 4 month period assuming Sanitation District water 
savesd :=SD* 120-cost savesd "26770.09
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Appendix F 
Capital cost inventory 
for diversion system.
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Appendix G 
Copy of “Guidance Document for Effluent 
Management Plan for Reuse of Wastewater/* 
February, 1993.
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WTS-1
February 4, 1993
GUIDANCE DOCUMENT FOR EFFLUENT 
MANAGEMENT PLAN FOR REUSE OF WASTEWATER EFFLUENT
An Effluent Management Plan (EMP) must be submitted to 
the Nevada Division of Environmental Protection (NDEP) for review 
and approval before any reuse is initiated. The EMP is required 
whenever treated wastewater is to be used for irrigation. The 
entity proposing to use treated wastewater for irrigation purposes 
must submit the EMP. The EMP shall be submitted prior to start of 
operations, but after permit has been granted. Since the 
designated reader of this document is the operator, the EMP shall 
be written in a manner that can be easily understood by the 
operator. This plan shall outline the basic steps necessary for 
the proper beneficial reuse of wastewater effluent. Effluent reuse 
will be carried out in accordance with the NDEP Guidelines. 
Restrictions and controls contained in the guidelines should be 
incorporated into the management plan. As a minimum the EMP shall 
contain the following:
A. A site plan which includes location of effluent storage, 
transfer structures, flow diversion and control struc­
ture/equipment. Areas of application must be clearly 
shown with methods of applications presented as a 
narrative also. Groundwater monitoring well locations 
and buffer zones, if applicable, shall be clearly shown. 
Distances to surface waters, groundwater and water supply 
wells, within 200 feet, shall be clearly shown;
B. A means of flow measurement to document volume of 
effluent received shall be provided;
C. A method of calculating water balance via évapo­
transpiration rates. Procedure(s), to be used by the 
operator in the field, to calculate daily application 
volume by the above method. Application of effluent 
volume greater than that calculated by the above
procedure or that calculated by the requirements of item 
L below is a permit violation. The frequency of effluent 
application, area and site rotation and conditions which 
govern this rotation. An anticipated irrigation schedule 
for each month of application;
D. Name(s) and contacts, including address and phone
number(s), of the user(s) and the generator(s);
E. Normal and emergency procedures for communications
between all entities involved in transfer, storage and 
reuse of effluent;
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F. All Che monitoring requirements, related Co effluent 
reuse, pursuant to the discharge permit. Procedure(s) 
that thoroughly describes how, including calculations as 
necessary, to complete a Discharge Monitoring Report 
(DMR);
G. Release of effluent or a mix of effluent and any other 
fluid to any other than the permitted discharge site(s) 
is a violation of the permit. The EMP should present 
measures and procedures that will be implemented to 
prevent discharge outside of the designated site(s). A 
discharge of storm runoff/runon or a combination of 
stormwater and effluent from the designated site is a 
violation of the permit;
H. Ponding of effluent for times greater chan that required 
for proper irrigation will not be allowed. The EMP 
should present measures and procedure(s) for preventing 
or reducing time of ponding;
I. The installation of a tailwater control and or recovery 
system may be required. If required, the EMP should 
provide measures and procedures for responsible operation 
of this system;
J. Methods and procedures necessary to prevent aerosol drift
at spray irrigation site(s);
K. Agreements, procedures or measures necessary for the
disposal of the entire reuse effluent volume during times 
of emergency;
L. A description of the crop, soil and site specific 
conditions that will assure nutrient uptake and prevent 
degradation of the waters of the state. Method(s) that 
allows the operator to calculate application rate and 
volume to assure optimum uptake of nutrients.
Procedure (s) , to be used by the operator in the field, to
calculate daily application volume by the above method. 
Application of effluent volume in excess of that which 
assures uptake of all nutrients shall not be allowed. 
Application rates that allow nutrients to transport 
beyond the active root zone and may degrade waters of the 
state shall not be allowed Application of effluent 
volume greater than that calculated by the aibove 
procedure or that calculated by the requirements of item 
C aüsove is a permit violation;
M. Notification procedures and methods used to inform the 
public of effluent reuse shall be present;
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N. The capacities, with freeboard, of all effluent storage
reservoirs and impoundments shall be present. The 
procedure for measuring the volume of fluids in the 
impoundment and a graph or table of depth vs. volume 
shall be included; and
0, A complete set of forms and charts for documenting
information required by the EMP shall be present.
)
F:\...\MAHMOOO\WSTWTR\WTS-t.CUD
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Appendix H
Copy of Nevada Division of Environmental Protection 
“Guidance for Wastewater Treatment 
Plant Effluent Reuse,** July, 1991.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
1 2 8  " 9Nevada Division of Environmental Protection 
Guidelines for Wastewater Treatment PlcUit Effluent Reuse
FINAL - July 10, 1991
I .  The State of Nevada will not allow any reuse of wastewater treatment 
plant effluent which has not attained at least a secondary level of 
treatment. Additional Wastewater Treatment such as screen filtration, 
or Advanced Wastewater Treatment such as chemical addition, coagulation 
and dual media filtration may be required to attain the more stringent 
levels of disinfection presented herein depending on the type of 
secondary treatment provided. The Division will issue discharge permits 
to all persons, public or private entities who operate treatment works 
associated with the transfer and reuse of effluent.
No construction of any reuse treatment works shall begin until plans and 
specifications are approved by the Division and a discharge permit 
obtained. Plans and Specifications must be prepared and stamped by a 
registered professional engineer who has attained experience in the 
environmental field. Required reporting information needed for 
evaluating the approval or disapproval of the selected site will include 
but not be limited to depth and quality of groundwater, soils 
characterization and their compatibility with effluent application, 
flood hazards, distances to residential areas, surface waters and water 
supply wells, areas of public access and climatic conditions.
II. The State of Nevada Division of Environmental Protection will not allow 
at this time irrigation of food crops for human consumption with 
wastewater treatment plant effluent except for surface irrigation of 
trees that bear fruits or nuts.
III. An Effluent Management Plan must be submitted to the Division for review 
and approval before any reuse is initiated. This plan shall include but 
not be limited to notification of the public : flow measuring; effluent 
storage; distribution and application rates; (application areas depicted 
on a plot plan) , irrigation scheduling; methods of controlling discharge 
volumes at the supply and reuse site; effluent and groundwater sampling 
locations and frequency; emergency procedures ; precautionary measures to 
be taken to minimize aerosol drift at spray irrigation sites during 
times of excessive winds ; runoff control; prevention of standing 
effluent; soils information; water rights ; contracts or agreements; and 
nuisance problems.
IV. The Division will also consider the remoteness of the reuse site as well 
as the availability of public access at the time of application when 
imposing a set of requirements for a specific site in a discharge 
permit. It may be possible that special provisions will have to be made 
at sites already constructed.
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V. The facility discharge permit will require sampling of specific 
constituents and specify the frecpjency of that sampling based on site 
specific conditions at the plant and reuse site.
VI. The fecal coliform concentrations listed for each buffer zone represent 
minimum disinfection levels for those buffer zone distances. Buffer 
zone distances at all levels of minimum disinfection can be increased.
VII. Spray and surface irrigation of pasture, forage, fiber, seed crops and 
greenfaelt in prevented access reuse areas.
A. Spray Irrigation
Disinfection Rec[uirements :
1 .)
3 . )
No disinfection is required if a buffer zone of 800 feet is 
provided.
2 .) 200 c.f.u. or (colony forming units) Fecal Coliform 
100 ml M.P.N. (Most probable number)
400 c.f.u. or (colony forming units) Fecal Coliform 
100 ml M.P.N. (Most probable number)
Geometric 
Mean In 
Any 30 Day 
Period
Single
M a x i m u m
Value
A buffer zone of 400 
disinfection.
23 c.f.u. of M.P.N.
100 ml
240 c.f.u. or M.P.N. 
100 ml
feet is required at this level of
Fecal Coliform Geometric
Mean In 
Any 30 Day 
Period
Fecal Coliform Single
M a x i m u m
Value
Secondary, Recommended Limit :
5 N.T.Ü. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
A buffer zone of 100 feet is required at this level of 
disinfection.
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4.) 2■2 c.f.u. or M.P.N.
100 ml
23 c.f.u. or M.P.N. 
100 ml
Fecal Coliform
Fecal Coliform
Geometric 
Mean in 
Any 30 Day 
Period
Single
M a x i m u m
Value
Secondary, Recommended Limit :
3 N.T.Ü. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
No buffer zone is required at this level of effluent disinfection. 
Surface Irrigation 
Disinfection Requirements :
1.) No disinfection is required
2.) No buffer zone is required
General Requirements for both Spray and Surface Irrigation under Section
VII.
1.) Public access to the irrigation site(s) must be prevented.
2.) Physical barriers must be installed and posted in a 
acceptable to the Division.
manner
3.) Spray irrigation shall be designed and managed so as to minimize 
drift of aerosols beyond posted buffer zones or borders of the 
irrigation site.
4. ) No runoff or standing effluent is allowed from or on a spray
application site (s) . The application period on a designated flood 
irrigation zone shall be no longer than necessary to saturate the 
root zone as related to onsite soils and distribution system uses. 
Runoff from a designated flood irrigation zone will be prevented or 
collected and controlled in a manner acceptable to the Division.
5.) Samples are to be taken at any point in the treatment works after 
final treatment prior to the application point.
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VIII. Landscape Spray Irrigation at Golf Courses, Cemeteries and similar 
Greenfaelts which are considered controlled access reuse areas.
A. Disinfection Requirements:
1.) 23 c.f.u. or M.P.N.
100 ml
240 c.f.u. or M.P.N. 
100 ml
Fecal Coliform
Fecal Coliform
Geometric 
Mean In 
Any 30 Day 
Period
Single
Maximum
Value
Secondary, Recommended Limit:
5 N.T.CJ. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
A buffer zone of 100 feet is required at this level of effluent 
disinfection.
2 . 2 c.f.u. or M.P.N. 
100 ml
23 c.f.u, or M.P.N. 
100 ml
Fecal Coliform
Fecal Coliform
Geometric 
Means In 
Any 30 Day 
Period
Single
M a x i m u m
Value
j e c c n c a r y ,
3 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
No buffer zone is required at this level of effluent disinfection.
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3.) 2■2 c.f.u. or M.P.N. Total Coliform Geometric
100 ml Mean in
Any 30 Day 
Period
23 c.f.u. or M.P.N. Total Coliform Single
100 ml M a x i m u m
Value
Secondary, Recommended Limit :
2 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
No buffer zone is required at this level of effluent disinfection.
B. General Requirements for Landscape Spray Irrigation under Section
VIII.
la. All routine irrigation at the VIII - A.I. levels of disinfection 
shall be completed at night when public is not present on the 
site (s).
lb. Public shall not be allowed access onto specific areas of the 
irrigation site within 1 hour after irrigation has been completed 
or until grasses are dry when utilizing a VIII - A.I. level of 
disinfection.
Ic. Routine golf course irrigation can be initiated before play is 
finished for the day when utilizing a VI11 - A. 2. level of
disinfection. Players must have completed play and be removed from 
any influences from all sprinkler heads in a specific area before 
irrigation is initiated at the VIII - A.2. level of disinfection. 
Routine irrigation at the VIII - A.3 level of disinfection can take 
place during daytime periods when public access onto the site is 
unrestricted if carried out in accordance with the approved 
effluent management plan.
Id. Routine irrigation for all levels of effluent disinfection shall be 
implemented in accordance with a schedule outlined in the approved 
Effluent Management Plan. Specific areas within the site which are 
first accessed by the public will be irrigated during the initial 
stages of the schedule.
2. The public shall be notified of the effluent reuse by cautions 
printed on scorecards, posting of water hazards, buffer zone 
borders, edges of the site or any other methods acceptable to the 
Division. The times of routine effluent irrigation are to be 
indicated to the public.
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3. Water hazards at golf courses of effluent irr.pcur.dments which 
receive a VIII - A.I. or VIII - A. 2. cpaality effluent will be 
posted with an additional warning to avoid contact with treated 
wastewater. Water hazards and impoundments can be utilized as 
effluent holding reservoirs.
4a. No daytime effluent irrigation or application of grasses and greens 
will be allowed with a VIII - A.i. level of disinfection.
4b. All areas of equipment maintenance, breakage repair and irrigation 
testing shall be isolated from public access and adequately posted 
as required by the Division.
4c. When utilizing an effluent with a VIII - A.2. level of disinfection 
additional public notification shall be provided or installed 
during day time irrigation or application of effluent on controlled 
specific areas of the site when maintenance of equipment, greens or 
grasses is necessary and remain in place until grasses are dry. 
Notification methods and specific areas will be defined by the user 
and approved by the Division. The additional notification shall be 
directly related to this necessary activity and areas which are 
affected. This irrigation or application is to take place during 
periods of peak sunshine whenever possible.
5. The spray irrigation system shall be designed and managed so as to 
minimize the drift of aerosols beyond the edge of the buffer zones, 
and posted borders or physical barriers of the irrigation site.
6. No runoff or standing effluent is allowed from or on the irrigation 
sites other than what is contained in adequately posted water 
hazards and storage basins.
7. Samples are to be taken at any point in the treatment works after 
final treatment prior to the application point.
a. Physical barriers shall be installed as required by the Division, 
depending on the adjacent developments, frequency of public access 
during times of irrigation and the degree of aerosol control 
provided by the irrigation system.
Q All drinking water fountains located within the irrigation site 
shall be covered during all times of effluent irrigation.
10. No restrictions on public access will apply after irrigation has 
been completed and during times of daytime effluent irrigation or 
application necessary for maintenance of equipment grasses and 
greens if a VIII - A.3. level of effluent disinfection is attained. 
The public will still need to be notified of the effluent reuse in 
method(s) acceptable to the Division and be protected against being 
directly sprayed by a discharge from a sprinkler head.
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'X. Landscape Spray Irrigation at highway islands, medians, shoulders, as 
well as, parks, playgrounds and similar greenbelt areas which are 
considered controlled access areas and public approach is constantly 
expected during effluent application.
A. Disinfection Requirements:
1.) 2.2 c.f.u. or M.P.N.
100 ml
23 c.f.u.
100 ml
or M.P.N.
Fecal Coliform
Fecal Coliform
Geometric 
Mean In 
Any 30 Day 
Period
Single
M a x i m u m
Value
Secondary, Recommended Limit :
3 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
2.) 2.2 c.f.u. or M.P.N.
100 ml
23 c.f.u. or M.P.N. 
100
Total Coliform
Total Coliform
Geometric 
Mean In 
Any 30 Day 
Period
Single
M a x i m u m
Value
Secondary, Recommended Limit:
2 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
3. General Requirements for Landscape Irrigation under Section IX.
1 . A buffer zone is not required at these levels of effluent
disinfection. The spray irrigators will be adjusted to discharge
near the ground surface and away from areas of normal and frequent 
public access and also at restricted angles so as to minimize 
aerosols.
2. The spray irrigation system shall be designed and managed so as to 
minimize the drift of aerosols beyond the edge of the buffer zones, 
and posted borders or physical barriers of the irrigation site.
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3. No standing effluent or runoff is allowed on or from the site.
4. Routine irrigation for the IX - A.I. level of effluent disinfection 
shall be implemented in accordance with a schedule outlined in the 
approved Effluent Management Plan. Irrigation of specific areas 
within the site first accessed by the public will be completed in 
the first stages of the schedule.
5. Areas shall be posted notifying the public of the effluent reuse to 
the satisfaction of the Division. Routine times of irrigation are 
to be indicated to the public.
6. No routine irrigation is to take place when the public is allowed
or present on greenbelt irrigation sites at the IX - A.I. level of
disinfection. Routine irrigation at the IX - A.2. level of
disinfection can take place during daytime periods when public 
access is allowed onto the site if carried out in accordance with 
the approved effluent management plan.
7a. Provisions can be made in the Effluent Management Plan for
irrigation, or application of controlled portions of the site 
during the daytime periods when maintenance of equipment, ground or 
grasses is necessary if adequate precautions, acceptable to the
Division are approved to protect the public.
7b. Additional public notification shall be provided or installed when
utilizing an effluent disinfected to the IX - A.I. level during any 
daytime irrigation or application of effluent on controlled 
specific areas of the site when maintenance of equipment, greens 
and grasses is necessary and remain in place until grasses are dry. 
Notification methods and specific areas will be defined by the user 
and approved by the Division in the Effluent Management Plan. The 
additional notification shall be directly related to this necessary 
activity and areas which are affected. This irrigation or 
application is to take place during periods of peak sunshine, 
whenever possible.
8. Samples are to be taken at any point in the treatment works after 
final treatment prior to the application point.
9. Physical barriers shall be installed as required by the Division, 
depending on adjacent developments, frequency of public access 
during times of irrigation and the degree of aerosol control 
provided by the irrigation system.
10. No restrictions on public access will apply after routine 
irrigation has been completed and during times of day time effluent 
irrigation or application necessary for maintenance of equipment 
and grasses if a IX - A.2. level of disinfection is attained. The 
public will still need to be notified of the effluent reuse in 
method (s) acceptable to the Division and be protected against being 
directly sprayed by a discharge from a sprinkler head.
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V. Landscape Drip and Surface Irrigation in Controlled Public Access Areas,
A. Disinfection Requirements:
B.
200 c.f.u. or M.P.N.
100 ml
400 c.f.u. or M.P.N. 
100 ml
Fecal Coliform
Fecal Coliform
Geometric 
Means in 
Any 30 Day 
Period
Single
M a x i m u m
Value
General Requirements for irrigation under Section X:
1. No buffer zone is required.
2. Irrigated areas must be posted notifying the public of the 
effluent reuse to the satisfaction of the Division. Routine 
times of irrigation are to be indicated to the public.
3. No standing effluent, or effluent runoff is allowed on or from 
the designated landscape drip irrigation sites.
4. No effluent runoff is allowed from the designated landscape 
surface irrigation sites.
5. No disinfection will be required if public access is 
prevented.
6. Samples are to be taken at any point in the treatment works 
after final treatment prior to application.
XI. Controlled Recreational Impoundments and Controlled 
Impoundments.
A. Disinfection Requirements :
1.) 23 c.f.u. or M.P.N.
100 ml
240 c.f.u. or M.P.N. 
100 ml
Fecal Coliform
Fecal Coliform
Landscape
Geometric 
Mean In 
Any 30 Day 
Period
Single
M a x i m u m
Value
Secondary, Recommended Limit :
5 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
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2.) 2.2 c.f.u. of M.P.N.
100 ml
23 c.f.u. or M.P.N.
100 ml
Fecal Coliform
Fecal Coliform
Geometric 
mean in 
any 30 day 
period
Single
M a x i m u m
Value
Secondary, Recommended Limit:
3 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
B. General Requirements for Controlled Recreational Impoundments and 
Controlled Landscape Impoundments under Section XI:
la. A minimum XI - A.I. level of disinfection shall be maintained in a 
Controlled Landscape Impoundment.
lb. A minimum XI - A.2. level of disinfection shall be maintained in a 
Controlled Recreational Impoundment.
2a. The effluent pond or laice shall be posted to the satisfaction of 
the Division notifying the public of the effluent reuse and any 
limiting practices.
2b. No fishing, boating, swimming, wading or aerosol generating
fixtures such as decorative aerators, waterfalls or water 
fountains, will be allowed in Controlled Landscape Impoundments 
with an XI - A.I. level of disinfection.
2c. No swimming or wading will be allowed in a Controlled Recreational
Impoundment.
3. Provisions shall be to discharge excess storm flows from the 
impoundment to a surface water in a manner acceptable to the 
Division.
4. Samples are to be taJcen at any point in the treatment works after 
final treatment prior to discharge into impoundments.
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.II. ünrescricced Recreational Impoundments.
A. Disinfection Requirements:
2.2 c.f.u. of M.P.N. Total Coliform
100 ml
23 c.f.u. of M.P.N. 
100 ml
Total Coliform
Geometric 
Mean In 
Any 30 Day 
Period
Single
M a x i m u m
Value
Secondary, Recommended Limit:
2 N.T.U. (Nephelometric Turbidity Units) Turbidity S i n g l e
M a x i m u m
Value
a.  General Requirements for Unrestricted Recreational Impoundments :
1. Provisions shall be to discharge excessive storm flows from the
impoundment to a surface water in a manner acceptable to the 
Division.
2. Samples are to be taken at any point in the treatment works after
final treatment prior to discharge into the impoundments.
XIII. Effluent Storage Reservoirs.
1. The Division will allow the construction of these holding 
impoundments for effluent which is to be reused. Site conoitions 
must be conducive to such a project. Special requirements for 
construction such as lining, surface area, amount of storage 
required and groundwater monitoring will be deteirmined during 
design review.
2. Effluent storage reservoirs will not be considered part of the 
treatment process. Wastewater treatment plants will be required to 
produce at a minimum, a secondary quality effluent before flow 
which is to be reused is directed into an effluent storage 
reservoir, located either on or off the plant site.
3. Provisions could possibly be made in the design of a lagoon 
wastewater treatment plant to utilize an impoundment as a reservoir 
and treatment unit if additional treatment is needed to attain a 
secondary effluent and the proper conditions are present at the
; plant site.
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4. All mechanical planes will be required to attain a minimum 
secondary quality effluent or a higher quality effluent as outlined 
in the related design criteria of their treatment units, before 
discharging any effluent storage reservoir.
5. Storage reservoirs are designed to hold effluent for application 
during desired time periods when the effluent can be properly 
reused.
6a. Effluent contained within reservoirs shall consistently meet or 
exceed the disinfection level and quality of its intended use if no 
additional treatment is provided.
6b. Reuse limits will be placed on wastewater treatment plant effluent 
quality. Monitoring of effluent which is about to be withdrawn 
from a storage reservoir for spray irrigation will be required in 
the discharge permit to document the deviation from the required 
reuse limits.
7. Golf course, recreational or landscape impoundments must receive 
effluent of at least a secondary quality to prevent odor generation 
and rapid solids accumulation. The minimum secondary treatment is 
to be completed at the plant site. Additional disinfection or 
tertiary treatment of effluent at golf course, recreational or 
landscape impoundments and storage reservoirs will be allowed if a 
higher quality effluent is required for the site specific reuse. 
The installation of additional treatment units will require more 
effluent monitoring to assure that the higher quality effluent is 
being produced before being directed into the reservoir(s).
8. Storage reservoirs shall be posted and/or fenced to the 
satisfaction of this Division depending on their use and location.
XIV. Industrial or Commercial Reuse Generating No Aerosols.
Typical examples include but are not limited to closed cooling 
systems, sand and gravel operations construction uses, compaction 
and nonpotable process water additions.
A. Minimum Disinfection Requirements:
200 c.f.u. or M.P.N. Fecal Coliform Geometric
100 ml Mean In
Any 30 Day 
Period
400 C . f . u .  or M.P.N. Fecal Coliform Single
100 ml M a x i m u m
Value
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B. General Requirements for Industrial and Commercial Reuse:
1. Notification to the public and employed personnel at the reuse site 
who come in contact with the treatment plant effluent will be 
provided and included in the Effluent Management Plan for review 
and approval.
2. The Division reserves the right to impose more stringent limits on 
any treatment plant effluent reuse which may impose a higher risk 
to the public on a case by case basis.
3. Samples of the effluent should be taken at the discharge point of 
the treatment plant or delivery point at the reuse site.
XV. Industrial and Commercial Reuse Generating Aerosols.
Typical examples include but are not limited to dust control, 
equipment washdown, cooling towers and tools on devices using spray 
nozzles.
A. Minimum Disinfection Requirements :
200 c.f.u. of M.P.N. Fecal Coliform Geometric
100 ml Mean In
Any 30 Day 
Period
400 c.f.u. or M.P.N. Fecal Coliform Single
100 ml M a x i m u m
Value
B. General Requirements for Construction Reuse:
1. Notification to the public and employed personnel at the reuse site
who may come in contact with treatment plant effluent will be 
provided and included in the Effluent Management Plan for review 
and approval.
2a. The Division reserves the right to impose more stringent limits on
treatment plant effluent reused at a construction site which is
subject to frequent public access such as well traveled highway 
renovations.
2b. Reuse sites which generate aerosols and are adjacent to areas of
unrestricted or controlled access shall conform with the 
disinfection levels and buffer zones outlined in Part VII - A.
3. Samples of effluent shall be taken at the discharge point of the
treatment plant or before reuse is initiated at the construction
site.
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1. Aerosols - Any material, solid or liquid, of a size that remains in
the air for an appreciable length of time before settling. Typical
size range from .01 to .20 um.
2. BOD, (inhibited) - Biochemical oxygen demand which represents the
strength of a waste in terms of its organic content. It is an
amount of oxygen that is required for the oxidation of carbonaceous 
matter present in a water.
3. Buffer Zone - The distance from the normal wet-line edge of the 
irrigation, under no wind conditions, to the property line, posted 
barrier at the reuse site, or any point open to public access.
4. Controlled Access Area - A reuse site where public access is 
regulated by the nature of the activity or by means other than 
physical barriers.
5. Controlled Landscape Impoundment - A body of treatment plant 
effluent or effluent diluted with another water source which is 
used to enhance the attractiveness of an area.
6. Controlled Recreational Impoundment - A body of treatment plant 
effluent or effluent diluted with another water source in which 
recreation is limited to non-full body contact activities such as 
fishing and boating.
7. Drip Irrigation - Application of effluent through nozzles below the 
ground surface.
8. Disinfection - Any physical or chemical method that reduces the 
number of organisms in a given location. Specifically, reducing 
the number of pathogenic organisms in the effluent flow stream.
9. Effluent - Water resulting from the treatment of sewage at a
wastewater treatment plant.
10. Fecal Coliform - Bacteria that have demonstrated a high probability 
of having come from human fecal material and has been used as an
indicator for pathogenic organisms in effluent because of their
resistance to disinfection.
11. Geometric Mean - The "n*" root of the product of N numbers (i.e., 
the geometric mean of 2, 4, 8, 3 is 4V/2#4#8#3 » 3.72) .
12. Greenbelt Area - A site which has been designated as a park, or 
grass plat in or near residential areas.
13. Landscape Surface Irrigation - Application of effluent through
nozzles at the ground surface which do not produce streams, mists 
or aerosols.
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14. Median - The middle value in a distribution in which an equal 
number of values lie above and below that value.
15. Prevented Access Area - A reuse site where public access is 
prohibited by physical, posted barriers, such as fences or walls, 
which are acceptable to the Division for the specific site.
IS. Process Water - A liquid which becomes part of a finished product 
or is essential in the production of another.
17. Restricted Recreation Impoundment - A body of effluent or diluted 
effluent in which recreation is limited to non-full body contact 
activities.
18. Reuse - Any beneficial utilization of effluent from a wastewater 
treatment plant.
19. Secondary Level of Treatment - Biologically oxidized sewage which 
has a BODj (inhibited) concentration of 30 mg/1 or lower.
20. Sorav Irrigation - The application of effluent via nozzles or 
orifices in piping which creates a stream of mist and aerosols.
21. Surface Irrigation - The application of effluent by utilizing a 
gravity distributed system.
22. Treatment or Waste Treatment - (As defined in N.A.C. 445.109) 
"Treatment or Waste Treatment" means the stabilization or 
alteration of the quality of wastewater waters by physical, 
biological or chemical means or a combination thereof, for the 
purpose of reducing or eliminating adverse effects on water 
quality, such that the tendency of the wastes to cause any 
degradation in water quality or other environmental conditions is 
reduced or eliminated.
23. Treatment Works - (As defined in MRS. 445.186) "Treatment Works" 
means :
1. Any devices and systems used in the storage, treatment, 
recycling and reclamation of municipal sewage or industrial 
wastes of a liquid nature, including intercepting sewers, 
outfall sewers, sewage collection systems, pumping power and 
other equipment, and their appurtenances;
2. Extensions, improvements, remodeling, additions, and 
alterations of any device or system mentioned in subsection 1;
3. units essential to provide a reliable recycled supply such as 
standing treatment units and clean well facilities;
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4. Any works, including site acquisition of the land that will be 
an integral part of the treatment process or is used for 
ultimate disposal or residues resulting from such treatment; 
and
5. Any other method or systems for preventing, abating, reducing, 
storing, treatment, separating or disposing of municipal 
waste, including storm water runoff, industrial waste or waste 
in combined stoirm water and sanitary sewer systems.
24. Unrestricted Access Area - A reuse site where public access is not
regulated in any way and is open at all time.
25. Unrestricted Recreational Impoundment - A body of treatment plant
effluent or effluent diluted with another water source in which 
there are no limits on body contact activities.
Signed _______________________________  Date
Julian P. Bielawski, P.E.
Environmental Engineer
Signed _______________________________  Date
Richard E. Reavis, P.E.
Environmental Engineer
Signed _______________________________  Date
JPB/srb:12 
effreuse.jb 
04/11/90
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Appendix I
Copy of ̂ ‘Application for Permit to Appropriate 
the Public Waters of the 
State of Nevada”
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Serial No-----------
APPLICATION FOR PERMIT TO APPROPRIATE THE PUBLIC 
WATERS OF THE STATE OF NEVADA
1 4 5
THIS SPACE FOR OFHCE USE ONLY 
Date of filing in State Engineer's Office.
Returned to applicant for correction_
Corrected application filed_______________________   Map filed.
The applicanu
Sircci ind No. or P.O. Bom No.
.of_
Ciiy mod Towo
_______________________________________________   hereby make., application for permission to appropriate
S u it mod Zip Cod* No.
the public waters of the State of Nevada, as hereinafter stated. (If applicant is a corporation, give date and place of 
incorporation; if a copartnership or association give names of members.)-----------------------------------------
Is applicant a U.S. citizen? Yes □  No O
Is applicant 21 years of age or older? Yes □  No O
NRS S33.325 requires that applicant be a citizen of the United States or have legally declared their intention to become a 
citizen, and that they be 21 years of age or older.
1. The source of the proposed appropriation is.
N nm  o t urcani, Ukc. i^m p . uadertnMod or « her loorce.
2. The amount of water applied for is.
Ow iceood tool c ^ lm  4 4 l . n  pltoom per muMiit.
.second feet.
(a) If stored in reservoir give number of acre-feet
3. The water to be used for______
4. If use is for;
Im p u o o . power, immioa. comnicrciat. domoiie or other vmc. Miui limit to one oiojor inc.
(a) Irrigation, state number of acres to be irrigated.
(b) Stockwater, state number and kind of animals.
(c) Other use (describe fully under "No. 12. Remarks").
(d) Power
(1) Horsepower developed--------------------------- —
U> Point of return of water to stream.
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5. The water is to be diverted frotn its source at the following point................................................... T-4g
Describe u  being »iibin « 4 0 .u ic  iSbaivuion o f publie
survey, and by course and disoince lo a section comer. If on unsurveycd land, it should be so stated.
6. Place of use.
Describe by legal subdivision. If on unsurveycd land, it should be so staled.
7. Use will begin about_________________________ and end about__________________________of each year.
Month and Day Month and Day
8. Description of proposed works (Under the provisions of NRS 535.010 you may be required to submit plans and 
specifications of your diversion or storage works.)________________________________________________ _
State manner in which water is to be diverted, i.e. diversioa structure.
ditches and Ituaics. drilled well with pump sad motor, etc.
9. Estimated cost of works_____________
10. Estimated time required to construct works.
If well completed, deacnhe works.
11. Estimated time required to complete the application of water to beneficial use.
12. Remarks: For use other than irrigation or stock watering, state number and type of units to be served or annual 
consumptive use.
TELEPHONE NUMBER By.
( J_________  _ Signature, applicant or agent
Street and No., or P.O. Bos No.
APPLICATION MUST BE SIGNED ____________________________________
BY THE .APPLICANT OR AGENT Cny. state. Zip Code No.
S200 FILING FEE MUST ACCOMPANY APPLICATION
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Oversize maps and charts are filmed in sections in the following manner-
LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL OVERLAPS
The following map or chart has been refilmed in its entirety at the end of this dissenation 
(not available on microfiche). A xerographic reproduction has been provided for paper 
copies and is inserted into the inside of the back cover.
Black and white photographic prints ( IT  x 23") are available for an additional charge.
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